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Apolipopr tein analogues 

The invention relates to an apolipoprotein construct, a nucleic acid sequence 
encoding the apolipoprotein construct, a vector comprising the nucleic acid 
5 sequence, a method for producing the apolipoprotein construct, a pharmaceutical 
composition comprising the apolipoprotein construct, and use of the apolipoprotein 
construct for the preparation of a pharmaceutical composition. 

Prior art 

10 

In the following, the term Apo A or apolipoprotein A win be used to designate any of 
the three apolipoproteins, Apolipoprotein A I, Apolipoprotein A II, or Apolipoprotein A 
111. 

15 Atherosclerosis is the most frequent cause of death in the industrialised countries of 
the World. One of the pathogenic factors causing atherosclerosis Is the deposition of 
cholesterol in the blood vessels, which ultimately leads to clogging of the vessels. 

Apolipoprotein A-1 (apo-A-1) is the main component of plasma HDL (high density 
20 lipoprotein), which is negatively correlated to the presence of arterosclerosfs. There 
is strong experimental evidence that this effect is caused by so-called reverse 
cholesterol transport from peripheral tissues to the liver. There is also experimental 
evidence that this reverse cholesterol transport can be stimulated in mammals by 
injection of apo-A-1. 

25 

Apolipoprotein A is to a large extent removed from plasma by filtration in the kidneys 
without being broken down first The short plasma half-life of apolipoprotein A is a 
constraint against using the protein in the treatment of atherosclerosis. 

30 US 5,876,968 (S1RTORI ET AL) concerns substantially pure dimers of a variant of 
apo- A-1 called apolipoprotein A-1-MiIano, Medicaments containing the dimer can be 
used for preventing thrombosis or they can be used as a prodrug for the monomer. 
A specific feature of this particular variant of apo-A-l is its ability to form covalent 
dimers with itself. The authors found that the purified dimer Apo A-I-M/Apo A4-M 

35 has a prolonged plasma half-life compared to the monomer Apo A-l-M. 



15/01 '01 MAN 15:19 [AF/MT-NR 6968] @003 



15/01 01 15: 1 9 FAX +45 3332 0384 



HO I BERG APS 



-» PATENT- OG VAREMJB 12)004 



P459DK01 



US S.643,757 (SHA-IL ET AL) discloses a method for the production of pure, 
stable, mature and biologically active human apolipoproteln A-l in high yield. 

5 US 5,990,081 {AGELAND ET AL.) discloses a method for treatment of 
arterosclerosis or cardiovascular diseases by administering a therapeutically 
effective amount of apoliproprotein A or apolipoproteln E. 

WO 96/37608 (RHONE-POULENC ROHRER ET AL) describes humane 
10 homologous dimers of apolipoproteln A-l variants comprising cystein In position 151. 
The presence of the cystein residue In the amino acid sequence allows the 
formation of dimers via dlsulphide bridges between the monomers. The reference 
furthermore discloses the corresponding nucleic acid sequences and vectors 
comprising these as well as pharmaceutical compositions comprising the variants 
15 and the use of these In gene therapy. 

Summary 

In a first aspect the Invention relates to an apolipoproteln construct having the 
20 general formula 

- apo-X, 

- where apo Is an apolipoproteln component selected from the group consisting of 
apolipoproteln Al, apolipoproteln All, apolipoproteln AIV, an analogue or a 
variant thereof, 

25 - and X is a heterologous moiety comprising at least one compound selected from 
the group consisting of an amino add, a non-apolipoproteln peptide, an 
oligomerislng module, a carbohydrate, a nucleic acid sequence, a non- 
apolipoproteln protein, and an apolipoprotein selected from the group consisting 
of apolipoprotein Al, apolipoprotein All, apolipoprotein AIV, an analogue or a 

30 variant thereof, 

- with the proviso that when the construct consists of exactly two identical, native 
apolipoprotelns these are linked serially. 

Throughout the invention the apolipoprotein component or part of the construct is 
35 referred to as apo or apolipoproteln. In the following and in the claims, the 
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heterologous moiety Is referred to as component X of the construct The 
apolipoprotein or analogue or variant thereof is linked covalently to the heterologous 
moiety. 

5 The component X of the construct may be looked broadly upon as a heterologous 
moiety. In this context a heterologous moiety Is any kind of moiety not being linked 
to apolipoprotein or analogue or variant or functional equivalent thereof under native 
conditions. The heterologous moiety may thus be a peptide or a protein or part of a 
peptide or protein from the same or from another species, or even a single amino 
10 acid. It may be a synthetic peptide. It may be of carbohydrate nature or of other 
polymeric and biocompatible nature such as polyols, nucleic adds sequences. 

Functional equivalence to native apolipoprotein A-l, A-ll or A-IV may conveniently be 
measured using a lipid binding assay, The ability of the construct to elicit 
15 substantially the same physiological response in a mammal may conveniently be 
measured by measurement of the ability to perform reverse cholesterol transport in 
a test organism such as rabbits. 

The construct comprising apolipoprotein and a heterologous moiety is capable of 
20 performing reverse cholesterol transport as well as or even better than native 
apolipoproteins, despite the modification caused by the addition of a heterologous 
moiety. The plasma half-life of the construct is preferably increased compared to 
that of the wild-type apolipoprotein. Preferably the plasma half-life is at least such as 
doubled or tripled, or at least quadrupled, or at least 10 doubled Similarly, the 
25 binding affinity such as the lipid binding affinity, and/or the cholesterol binding affinity 
of the construct is preferably increased as compared to wild-type apolipoprotein. 
Preferably, the lipid binding affinity is increased by at least 5 %, such as at least 10 
%, for example at least 15%, such as at least 20%, for example at least 25%, such 
as at least 30%, for example at least 40% such as at least 50% v for example at least 
30 75%, such as at least 100%, such as at least 150%, for example at least 200%, 
such as at least 300%. 

An increased plasma half-time and/or Increased lipid binding affinity have profound 
implications for the use of the apolipoprotein constructs In the treatment of 
35 arterosclerosis. It Is therefore expected that the clinical effect of the apolipoprotein 
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constructs according to the invention is superior to the effect of wild-type 
apolipoproteins. 

The invention also encompasses analogues or variants of the wild-type apoproteins 
5 capable of eliciting substantially the same physiological response in a mammal. 

According to a second aspect of the Invention, there Is provided a nucleotide 
sequence encoding an apolipoprotein construct as defined above. Preferably the 
nucleotide sequence Is operably linked to a regulatory sequence for expression of 
10 the protein construct. 

According to further aspects of the Invention, there Is provided a vector comprising 
the nucleotide sequence encoding the apolipoprotein construct and a transformed 
host cell comprising the nucleotide sequence as defined above. 

15 

The apolipoprotein construct according to the invention may be produced by 
different methods. 

According to a first method a transformed host cell is cultured under conditions 
20 promoting the expression of a protein construct according to the Invention encoded 
by DNA Inserted into a construct, obtaining and recovering the protein construct and 
optionally further processing the protein construct 

This method is the preferred method when the whole construct is of polypeptide 
25 nature and thus can be encoded by one corresponding nucleic acid sequence. 

According to a second method the apolipoprotein construct can be manufactured by 
chemically synthesisfng the heterologous moiety and subsequently linking it to the 
apolipoprotein or analogue obtaining an apolipoprotein construct, which is Isolated 
30 and optionally processed further. This method is the preferred method, when the 
* heterologous moiety is of non-peptide nature. However there may also be conditions 

under which it Is preferred to synthesise the heterologous moiety chemically, when it 
[s of polypeptide nature. Such conditions may be that the heterologous moiety is 
rather short such as below 20 amino acids. 

35 
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According to a third method the apolipoprotein construct can be manufactured by 
culturing a transformed host cell under conditions promoting the expression of an 
apolipoprotein or an apolipoprotein analogue encoded by a nucleic acid fragment 
and subsequently covalently linking the apolipoprotein or apolipoprotein analogue to 
5 a heterologous moiety obtaining an apolipoprotein construct, isolating the resulting 
apolipoprotein construct and optionally further processing the construct 

Finally, the apolipoprotein construct may be produced by culturing a transformed 
host cell under conditions promoting the expression of a protein encoded by a 
10 nucleic acid fragment encoding an oligomerising module and subsequently linking 
said module to at least one apolipoprotein obtaining an apolipoprotein construct. 

According to a further aspect of the invention there Is provided a pharmaceutical 
composition comprising the apolipoprotein construct as described above. Preferably 
15 the pharmaceutical composition Is capable of being administered parenterally such 
as through injection. 

The invention also encompasses the use of an apolipoprotein construct as defined 
above for the preparation of a pharmaceutical composition. The pharmaceutical 
20 composition may further comprise pharmaceutical acceptable exclpients, adjuvants, 
additives, such as lipids, phospholipids, cholesterol, or triglycerides. 

The pharmaceutical composition may be administered intravenously, intraarterially, 
intramuscuiary, transdermal^, pulmonary, subcutaneously, intradermal^, 
25 intratechally, through the buccal-, anal-, vaginal-, conjunctival-, or intranasal tissue, 
or by Inoculation Into tissue, such as tumour tissue, or by an Implant, or orally. 

Preferably the pharmaceutical composition is used for the treatment and/or 
prevention of aterosclerose, angina pectoris, claudicatio, or In the treatment of 
30 neutralising endotoxins. The apolipoprotein construct as defined above may also be 
used for gene therapy, wherein the DNA sequence encoding the apolipoprotein 
construct is used for transfectton or infection of at least one cell population. 

Detailed description of the Invention 

35 
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In the following the invention will be described in detail with reference to the 
following figures. 

Figure 1 shows the amino acid sequence (in one letter code) of human 
5 apolipoprotefn A-I. 

Figure 2 shows aligned amino add sequences (in one letter code) for human, 
macaque, mouse, baboon, pig, and rat apolipoprotein AIV. 

10 Figure 3: Amino acid sequence of the amino terminal region of tetranectin. Amino 
add sequence (in one letter code) from El to LS1 of tetranectin. Exon 1 comprises 
residues El to D16 and axon 2 residues V17 to V49, respectively. The alpha helix 
extends beyond LS1 to K52 which is the Otermlnal amino acid residue in the alpha 
helix. 

Figure 4 shows an alignment of the amino add sequences of the trimerising 
structural element of the tetranectin protein family. Amino acid sequences (one letter 
code) corresponding to residue V17 to K52 comprising exon 2 and the first three 
residues of exon 3 of human tetranectin; murine tetranectin (Serensen et al M Gene, 

20 152: 243 -245, 1995); tetranectin homologous protein Isolated from reefshark 
cartilage (Neame and Boynton, 1992.1996); and tetranectin homologous protein 
isolated from bovine cartilage (Neame and Boynton. database accession number 
PATCHX:u22298). Residues at a and d positions In the heptad repeats are listed In 
boldface. The listed consensus sequence of the tetranectin protein family trlmerfslng 

25 structural element comprise the residues present at a and d positions In the heptad 
repeats shown in the figure in addition to the other conserved residues of the region. 
n hy" denotes an aliphatic hydrophobic residue. 

Figure 5 shows the pT7 HSUbiFx Apo A-I plasmid and its corresponding amino acid 
30 sequences. The expressed and purified polypeptide (SEQ ID NO 1) consists of 
amino adds no 25^267 from human Apo A-I. 

Figure 6 shows the pT7 H6UblFx Cys-Apo A-I plasmid and its corresponding amino 
add sequences for. The expressed polypeptide (SEQ ID NO 2) consists of a N- 
35 terminal cystein residue and the amino acids no 25-267 from human Apo A-!. 
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Figure 7 shows the pT7H6 Trlp-A-Apo A-l - Amp R plasmld and its corresponding 
amino acid sequence. The expressed and purified polypeptide (SEQ ID NO 3) 
consists of the TTSE, a linking sequence, and amino adds no 25-267 from human 
5 Apo A-l. 

Figure 8 shows the pT7H8 Trip-A-Apo A-l-del 43 - Amp R plasmid and its 
corresponding amino add sequence. The expressed and purified polypeptide (SEQ 
ID NO 4) consists of the TTSE, a linking sequence, and amino acids no 68-267 from 
10 human Apo A-l. 

Figure 9 shows the pT7H6FXCysApoAI plasmid and its corresponding amino acid 
sequence. The expressed and purified polypeptide (SEQ ID NO 2} consists of a N- 
terminal cystein residue and the amino adds no 25-267 from human Apo A-l. 

15 

Detailed description of the Invention 

The functionality of the constructs according to the invention and of the apo 
components of the constructs can be measured by a lipid binding assay such as by 
20 the DPMC assay described below. Furthermore, the in vivo effect on reverse 
cholesterol transport may be measured by administration to test animals such as 
rabbits fed on a cholesterol rich diet such as the method disclosed in Miyazaki et al 
(Arteriosderosls, Thrombosis, and Vascular Biology, 1995; 15:1862-1888). 

25 Kinetics of association of the protein construct with dimyristoyl phosphatidylcholine 
( P MPC) 

The ability of the constructs according to the invention to bind to a lipid can 
conveniently be measured using a well known assay such as the association to 
30 dimyristoyl phosphatidylcholine (DPMC). 

The assay was conducted as described in (Pownall et al, Biochemistry, 1978, 17: 
83-89). Dried DPMC was suspended in 100 mM NaCK, 50 mM Tris-HCI pH 8.0 
above its transition temperature at a concentration of 1 mg/rnl. The protein sample 
35 and the DMPC suspension was both prefncubated at room temperature for 10 
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minutes, and then mixed at a rati of DMPC:protein of 50:1. The reduction in 
turbidity of the mixture, reflecting increasing lipid-protein association, was followed 
by measuring the absorbance of the mixture at 325 nm. The turbidity clearance 
curves were fitted to a double exponential equation, and t 1/z were determined. 

5 

The apollDODrotein or analogue 

In the following the term "apo" Is used to designate any protein comprising 
apolipoprotefn A-l, apolipoprotein A-ll or apolipoprotsin A-IV, any variant or 
10 analogue thereof possessing the same lipid binding function. 

Preferred apolipoprotein A-l analogues include those disclosed in Figures 5, 6, 7 
and 8 and listed as SEQ ID N0 1, 2, 3, and 4. 

15 Known variants of the sequences in Figure 1 include the following variants, 
indicating the position of the variation with respect to the sequence in Figure 1, the 
variation, and where appropriate the name of the known variant. 

27 P -> H (IN MUNSTER-3C). 

27 P->R. 

20 28 P-> R (IN MUNSTER-3B). 

34 R -> L (IN BALTIMORE). 

SO G -> R (IN IOWA). 

84 L-> R (IN AUTOSOMAL DOMINANT AMYLOIDOSIS). 
113 D->E. 

25 119 A -> D (IN HITA). 

127 D-> N (IN MUNSTER-3A). 

131 MISSING (IN MARBURG/MUNSTER-2). 

131 K->M. 

1 32 W -> R (IN TSUSHIMA). 
30 134 E -> K (IN FUKUOKA). 

160 E -> K (IN NORWAY). 

163 E -> G. 

167 P-> R (IN GIESSEN). 

168 L -> R (IN ZARAGOZA). 
35 171 E->V. 
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189 P -> R. 

197 R->C(INMILANO). 

222 E->K(INMUNSTER-4). 

5 According to the Invention the term "apolipoprotein" is meant to Include functional 
equivalents of at least one sequence In Figure 1 and 2, or a fragment of at least one 
sequence In Figure 1 and 2, comprising a predetermined amino acid sequence. A 
fragment" is defined as; 

10 0 fragments comprising an amino add sequence capable of being recognised 
by an antibody also capable of recognising the predetermined amino acid 
sequences In Figure 1 or 2, and/or 

ii) fragments comprising an amino acid sequence capable of binding to a lipid 
15 (DPMC assay), which Is also capable of binding the predetermined amino 

add sequences In Figure 1 or 2. 

According to the present invention a functional equivalent of an apolipoprotein or 
fragments thereof may be obtained by addition, substitution or deletion of at least 

20 one amino acid. When the amino acid sequence comprises a substitution of one 
amino acid for another, such a substitution may be a conservative amino add 
substitution. Fragments of the sequences in Figure 1 and 2 may comprise more than 
one such substitution, such as e.g. two conservative amino acid substitutions, for 
example three or four conservative amino acid substitutions, such as five or six 

25 conservative amino acid substitutions, for example seven or eight conservative 
amino add substitutions, such as from 10 to 15 conservative amino acid 
substitutions, for example from 15 to 25 conservative amino acid substitution, such 
as from 25 to 75 conservative amino add substitutions, for example from 75 to 125 
conservative amino add substitutions, such as from 125 to 175 conservative amino 

30 acid substitutions. Substitutions can be made within any one or more groups of 
predetermined amino adds. 

Examples of fragments comprising one or more conservative amino acid 
substitutions fnduding one or more conservative amino add substitutions within the 
35 same group of predetermined amino acids, or a plurality of conservative amino acid 
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substitutions, wh rein each conservative substitution Is generated by substitution 
within a different group of predetermined amino adds. 

Accordingly, a variant of the sequences in Figure 1 or 2, or fragments thereof 
5 according to the invention may comprise, within the same variant of the sequences 
in Figure 1 or 2, or fragments thereof or among different variant of the sequences in 
Figure 1 or 2, or fragments thereof, at least one substitution, such as a plurality of 
substitutions introduced independently of one another. Variants of the sequences In 
Figure 1 or 2, or fragments thereof may thus comprise conservative substitutions 

10 Independently of one another, wherein at least one glycine (Gly) of said variants of 
the sequences in Figure 1 or 2, or fragments thereof of the sequences In Figure 1 or 
2 is substituted with an amino acid selected from the group of amino acids 
consisting of Ala, Val, Leu, and lie, and Independently thereof, variants of the 
sequences In Figure 1 or 2, or fragments thereof, wherein at least one of said 

15 alanines (Ala) of said variant of the sequences In Figure 1 or 2, or fragments thereof 
Is substituted with an amino add seleded from the group of amino acids consisting 
of Gly, Val, Leu, and lie, and independently thereof, variant of the sequences In 
Figure 1 or 2, or fragments thereof, wherein at least one valine (Val) of said variant 
of the sequences In Figure 1 or 2, or fragments thereof is substituted with an amino 

20 acid selected from the group of amino adds consisting of Gly, Ala, Leu, and He, and 
Independently thereof, variants of the sequences in Figure 1 or 2, or fragments 
thereof, wherein at least one of said leudnes (Leu) of said variant of the sequences 
In Figure 1 or 2, or fragments thereof is substituted with an amino acid selected from 
the group of amino adds consisting of Gly, Ala, Val, and lie. and independently 

25 thereof, variants of the sequences In Figure 1 or 2, or fragments thereof, wherein at 
least one isoleudne (lie) of said variants of the sequences In Figure 1 or 2, or 
fragments thereof is substituted with an amino add selected from the group of 
amino acids consisting of Gly, Ala, Val and Leu, and Independently thereof, variants 
of the sequences in Figure 1 or 2, or fragments thereof wherein at least one of said 

30 aspartic acids (Asp) of said variants of the sequences In Figure 1 or 2, or fragments 
thereof is substituted with an amino acid selected from the group of amino adds 
consisting of Glu, Asn, and Gin, and independently thereof, variants of the 
sequences in Figure 1 or 2, or fragments thereof, wherein at least one of said 
phenylalanines (Phe) of said variants of the sequences fn Figure 1 or 2, or 

35 fragments thereof is substituted with an amino acid selected from the group of 
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amino acids consisting of Tyr, Trp, His, Pro, and preferably selected from the group 
of amino acids consisting of Tyr and Trp, and independently thereof, variants of the 
sequences In Figure 1 or 2, or fragments thereof, wherein at least one of said 
tyrosines (Tyr) of said variants of the sequences in Figure 1 or 2, or fragments 
5 thereof of the sequences in Figure 1 or 2 Is substituted with an amino acid selected 
from the group of amino acids consisting of Phe, Trp, His, Pro, preferably an amino 
acid selected from the group of amino acids consisting of Phe and Trp, and 
independently thereof, variants of the sequences in Figure 1 or 2, or fragments 
thereof, wherein at least one of said arglnlnes (Arg) of said fragment of the 

1 0 sequences In Figure 1 or 2 is substituted with an amino add selected from the group 
of amino acids consisting of Lys and His, and Independently thereof, variants of the 
sequences in Figure 1 or 2, or fragments thereof, wherein at least one lysine (Lys) of 
said variants of the sequences In Figure 1 or 2, or fragments thereof is substituted 
with an amino add selected from the group of amino adds consisting of Arg and 

15 His, and independently thereof, variants of the sequences in Figure 1 or 2, or 
fragments thereof, wherein at least one of said aspargines (Asn) of said variants of 
the sequences in Figure 1 or 2, or fragments thereof Is substituted with an amino 
acid selected from the group of amino acids consisting of Asp, Glu, and Gin, and 
independently thereof, variants of the sequences in Figure 1 or 2, or fragments 

20 thereof, wherein at least one glutamine (Gin) of said variants of the sequences In 
Figure 1 or 2, or fragments thereof is substituted with an amino acid selected from 
the group of amino acids consisting of Asp, GIu, and Asn, and independently 
thereof, variants of the sequences in Figure 1 or 2, or fragments thereof, wherein at 
least one proline (Pro) of said variants of the sequences in Figure 1 or 2, or 

25 fragments thereof is substituted with an amino add selected from the group of 
amino acids consisting of Phe, Tyr, Trp. and His, and independently thereof, 
variants of the sequences in Figure 1 or 2, or fragments thereof, wherein at least 
one of said cysteines (Cys) of said variants of the sequences in Figure 1 or 2, or 
fragments thereof Is substituted with an amino add selected from the group of 

30 amino acids consisting of Asp, GIu, Lys, Arg, His, Asn, Gin, Ser, Thr, and Tyr. 

it is dear from the above outline that the same variant or fragment thereof may 
comprise more than one conservative amino add substitution from more than one 
group of conservative amino adds as defined herein above. 
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The addition or deletion of an amln acid may be an addition or deletion f from 2 to 
10 amino adds, such as from 10 to 20 amino acids, for example from 20 to 30 
amino adds, such as from 40 to 50 amino adds. However, additions or deletions of 
more than SO amino acids, such as additions from 10 to 200 amino adds, are also 
5 comprised within the present Invention. More specifically, 43 N-terminal amino adds 
may be removed from the sequence in Figure 1 without substantially altering the 
lipid binding effect of the protein. Such a deletion variant is included in SEQ ID NO 4 
as the apolipoprotein part of the construct. 

10 It will thus be understood that the invention concerns apolipoproteins comprising at 
least one fragment of the sequences in Figure 1 or 2 capable of binding lipids such 
as DPMC, including any variants and functional equivalents of such at least one 
fragment. 

15 The apolipoprotein according to the present invention, Indudlng any functional 
equivalents and fragments thereof, may in one embodiment comprise less than 243 
amino add residues, such as less than 240 amino add residues, for example less 
than 225 amino acid residues, such as less than 200 amino acid residues, for 
example (ess than 180 amino add residues, such as less than 160 amino acid 

20 residues, for example less than 150 amino add residues, such as less than 140 
amino acid residues, for example less than 130 amino add residues, such as less 
than 120 amino acid residues, for example less than 110 amino add residues, such 
as less than 100 amino add residues, for example less than 90 amino add residues, 
such as less than 85 amino add residues, for example less than 60 amino add 

25 residues, such as less than 75 amino add residues, for example less than 70 amino 
acid residues, such as less than 65 amino add residues, for example less than 60 
amino add residues, such as less than 55 amino add residues, for example less 
than 50 amino acid residues. 

30 Fragments 

A fragment comprising the lipid binding region of the native sequences In Figure 1 or 
2 is particularly preferred. However, the Invention Is not limited to fragments 
comprising the lipid binding region. Deletions of such fragments generating 
35 functionally equivalent fragments of the sequences In Figure 1 or 2 comprising less 
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than the lipid binding region are also comprised in the present Invention. 
Functionally equivalent the sequences in Figure 1 or 2 peptides, and fnagm nts 
thereof according to the present Invention, may comprise less or more amino add 
residues than the lipid binding region. Preferably, the fragment comprises at least 
5 the amino acids 100*186 of apo-A-l or a variant or a functional equivalent thereof. It 
has been determined that this central domain and the a-helices within the domain 
are directly involved In Interactions with phospholipids. Therefore, it is highly likely 
that this region plays an important role in the functional properties of apo-A-l. 

10 "Functional equivalency* as used In the present invention is according to one 
preferred embodiment established by means of reference to the corresponding 
functionality of a predetermined fragment of the sequences in Figure 1 or 2. 

Functional equivalents of variants of the sequences in Figure 1 or 2 will be 
1 5 understood to exhibit amino acid sequences gradually differing from the preferred 
predetermined sequence, as the number and scope of insertions, deletions and 
substitutions including conservative substitutions Increases. This difference Is 
measured as a reduction in homology between the preferred predetermined 
sequence and the fragment or functional equivalent 

20 

All fragments or functional equivalents of apolipoproteln are Included within the 
scope of this invention, regardless of the degree of homology that they show to a 
preferred predetermined sequence of apolipoprotein. The reason for this Is that 
some regions of the sequences in Figure 1 or 2 are most likely readily mutatable, or 
25 capable of being completely deleted, without any significant effect on the binding 
activity of the resulting fragment. 

A functional variant obtained by substitution may well exhibit some form or degree of 
native activity of the sequences in Figure 1 or 2, and yet be less homologous, if 

30 residues containing functionally similar amino acid side chains are substituted. 
Functionally similar in this respect refers to dominant characteristics of the side 
chains such as hydrophobic, basic, neutral or acidic, or the presence or absence of 
steric bulk. Accordingly, in one embodiment of the invention, the degree of identity 
between i) a given the sequences In Figure 1 or 2 fragment capable of effect and it) 

35 a preferred predetermined fragment, is not a principal measure of the fragment as a 
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variant or functional equivalent of a preferred predetermined th sequences In 
Figure 1 or 2 fragment according to the present invention. 

The homology between amino add sequences may be calculated using well known 
5 algorithms such as BLOSUM 30, BLOSUM 40, BLOSUM 45, BLOSUM S0 P 
BLOSUM 55, BLOSUM 60, BLOSUM 62, BLOSUM 65, BLOSUM 70. BLOSUM 75, 
BLOSUM 80, BLOSUM 85, or BLOSUM 90. Preferably the algorithm BLOSUM 30 is 
used. 

10 Fragments sharing at least some homology with the sequences In Figure 1 or 2 
fragment are to be considered as failing within the scope of the present invention 
when they are at least about 40 percent homologous with the apolipoprotein or 
fragment thereof, such as at least about 50 percent homologous, for example at 
least about 60 percent homologous, such as at least about 70 percent homologous, 

15 for example at least about 75 percent homologous, such as at least about 80 
percent homologous, for example at least about 85 percent homologous, such as at 
least about 90 percent homologous, for example at least 92 percent homologous, 
such as at least 94 percent homologous, for example at least 95 percent 
homologous, such as at least 96 percent homologous, for example at least 97 

20 percent homologous, such as at least 98 percent homologous, for example at least 
99 percent homologous with the sequences In Figure 1 or 2 fragment According to 
one embodiment of the invention the homology percentages refer to Identity 
percentages. 

25 Additional lectors that may be taken into consideration when determining functional 
equivalence according to the meaning used herein are i) the ability of antisera 
against one of the sequences in Figure 1 or 2 to detect fragments of the sequences 
in Figure 1 or 2 according to the present invention, or iQ the ability of the functionally 
equivalent fragment to compete with the sequences in Figure 1 or 2 in a lipid binding 

30 assay. 

Conservative substitutions may be introduced in any position of a preferred 
predetermined apolipoprotein or fragment thereof. It may however also be desirable 
to introduce non-conservative substitutions, particularly, but not limited to, a non- 
35 conservative substitution in any one or more positions. 
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A non-conservative substitution leading to the formation of a functionally equivalent 
fragment of the sequences in Figure 1 or 2 would for example i) differ substantially 
In polarity, for example a residua with a non-polar side chain (Afa, Leu, Pro, Tip, Val, 
5 He, Leu, Phe or Met) substituted for a residue with a polar side chain such as Gly, 
Ser, Th(\ Cys, Tyr, Asn, or Gin or a charged amino acid such as Asp. Glu, Arg. or 
Lys, or substituting a charged or a polar residue for a non-polar one; and/or ii) differ 
substantially in its effect on polypeptide backbone orientation such as substitution of 
or for Pro or Gly by another residue; and/or Ul) differ substantially In electric charge, 
10 for example substitution of a negatively charged residue such as Glu or Asp for a 
positively charged residue such as Lys, His or Arg (and vice versa); and/or iv) differ 
substantially in steric bulk, for example substitution of a bulky residue such as His, 
Trp, Phe or Tyr for one having * minor side chain, e.g. Ala, Gly or Ser (and vice 
versa). 

15 

Substitution of amino acids may in one embodiment be made based upon their 
hydrophobicity and hydrophilicity values and the relative similarity of the amino acid 
side-chain substituents, including charge, size, and the like. Exemplary amino acid 
substitutions which take various of the foregoing characteristics into consideration 
20 are well known to those of skill in the art and Include: arglnlne and lysine; glutamate 
and aspartate; serine and threonine; glutamine and asparaglne; and valine, leucine 
and isoleuclne. 

In addition to the variants described herein, sterically similar variants may be 
25 formulated to mimic the key portions of the variant structure and that such 
compounds may also be used in the same manner as the variants of the Invention. 
This may be achieved by techniques of modelling and chemical designing known to 
those of skill in the art. ft will be understood that all such sterically similar constructs 
fall within the scope of the present Invention. 

30 

The component X 

Preferably, the component X of the protein construct according to the Invention Is 
essentially non-lmmunogenfc. For instance the component X may be an amino acid, 
35 a carbohydrate, a nucleic acid sequence, an Inert protein or polypeptide, which has 
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substantially n physiological effect and especially no immunological effect on 
mammals. 

Preferably the component X has a long half-life, Is non fnmmunogenfc and does not 
5 have unwanted effects with regard to llgand binding, i.e. the apolipoprotein 
component should not be directed at an undeslred site through interactions of the X- 
component with a llgand. 

According to one embodiment the component X consists of just one amino acid, 
10 which amino add preferably is a cystein residue, which may be placed N-termlnally, 
C-terminally or Internally in the apolipoproteln component. 

However, the component X may also comprise a peptide having more than 1 amino 
acids such as more than 2 amino acids, for example more than 5 amino acids, such 

15 as more than 10 amino acids, for example more than 15 amino adds, such as more 
than 20 amino acids, such as more than 30 amino acids, for example more than 40 
amino acids, such as more than 50 amino adds, for example more than 75 amino 
adds, such as more than 100 amino adds, for example more than 200 amino adds, 
such as more than 300 amino acids, for example more than 400 amino adds, such 

20 as more than 500 amino acids, for example more than 600 amino adds, such as 
more than 700 amino acids, for example more than 800 amino acids, such as more 
than 900 amino acids, for example more than 1000, 1250, 1500, 2000, or 2500 
amino acids, 

25 One protein could be a plasma protein such as albumin or another non- 
Immunogenic peptide or protein such as the serine protease fragment of 
plasminogen or another serine protease engineered to be inactive by disruption of 
the catalytic triad; and the constant region of the heavy chain of Immunoglobins. 
More preferably, the component comprises serum albumin. 

30 

According to an especially preferred embodiment of the invention, the component X 
comprises an apolipoprotein component selected from the group consisting of 
apolipoproteln A-l, A-ll, AIV, an analogue, functional variant or fragment thereof The 
two apolipoprotein components may be linked linearly or they may be linked via a 
35 non-native cyseln bridge. Preferably they are linked linearly. 
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High r oligomers as well as dimers f the apolipoprotein component comprising at 
least one non-native cystein residue may be manufactured and linked through 
cystein bridges under appropriate conditions. Oligomers linked by disuiphide bridges 
5 may be linked serially (apo-S-S-apo, or apo-S-S-apo-S-S-apo or higher oligomers) 
or the disuiphide bridge may be formed non-terminally by inserting a cystein residue 
at a non-terminal position in each of the two proteins to be linked and linking the two 
proteins through a cystin bridge. By inserting two, three or more cystein residues 
into one or more of the proteins trlmers, tetramers and higher multimera may be 
10 formed. 

The protein construct according to the invention may also comprise two, three or 
more apolipoproteins or analogues thereof being serially and covalentty linked to 
one another. This may be achieved by linking the C-termlnal of a first apolipoprotein 
15 to the IM-terminus of the next apolipoprotein and so forth. The proteins may be so 
linked after transcription and translation or the nucleotide sequence may simply 
comprise two, three or more sequences coding for the apolipoprotein construct in 
question as well as optional linker peptides between the apolipoproteins. 

20 Thereby, the need for a heterologous moiety to perform the linkage is avoided. It is 
expected that in the constructs having two, three or more apo units essentially all 
the apo units will participate in lipid binding thereby contributing to the functionality 
of the construct Therefore It Is expected that these multi-apo constructs may have 
an Increased lipid binding ability compared to native apo. An additional advantage of 

25 these constructs compared to native apo, is that they have an increased plasma 
half-life compared to native apo. 

Such constructs comprising more than one apolipoprotein component may comprise 
a combination selected from the following group: 

30 

Dimers: 

A-l A-l; A-ll All; A-IV AIV; A-l A-ll; A-1 A-IV; A-H A-IV. 
Trimers: 
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A-l A-ll A-IV; A-l A-l A-ll; A*l A-l A-l; A-l A-l A-IV; A-ll A-ll A-l; A-ll A-ll A-IV; A-ll A-ll 
A-II; A-IV A-IV A-IV; A-IV A-IV A-II; A-IV A-IV A-l. 

Oliaomerisatlon modules 

5 

According to an especially preferred embodiment of the Invention, the heterologous 
moiety is an oligomerising module. In this context, an oligomerising module Is a 
peptide or a protein or part of a protein which Is capable of interacting with other, 
similar or Identical oligomerising modules. The interaction is of the type that 
10 produces multimeric proteins or polypeptides. Such an Interaction may be caused by 
covalent bonds between the components of the multimer as well as by hydrogen 
bond forces, hydrophobic forces, van der Waais forces, salt bridges. The Invention 
also encompasses oligomerising modules of non-peptide nature such as a nucleic 
acid sequence of DNA, RNA, LNA, or PNa. 

15 

The ofigomerlsatlon module may be a dimertsing module, a trimerisfng module, a 
tetramerislng module, or a multimerlsing module. 

When the apolipoproteln or analogue part of the construct is coupled to an 
20 oligomerising module, multimers of the construct can be made by simply mixing a 
solution of constructs (oligomerisation module linked to apolipoprotein part) under 
appropriate conditions. In this way, dimers, trimers, tretramers, pentamers, 
hexamers or higher -mers can be made depending on the type of oligomerising 
module being linked to the apolipoprotein part of the construct. 

25 

The multimers according to the Invention may be homomers or heteromers, since 
different apolipoproteins can be linked to the oligomerising modules and be 
incorporated into the multimer. It may be advantageous to mix the different types of 
apolipoproteins In this way to obtain an Improved clinical effect of the construct. 
30 Preferred homomers include trimers of Apo-A-I and trimers of Apo-A-IV. 

According to an especially preferred embodiment of the invention the oligomerising 
module is from tetranectin and more specifically comprises the tetranectin 
trlmerfslng structural element (hereafter termed TTSE), which is described In detail 
35 in WO 98/56906. TTie trimertsing effect of TTSE is caused by a coiled coil structure 
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which Interacts with the coiled coil structure of two ther TTSEs to form a trim r, 
which is exceptionally stable. A further advantage of TTSE is that it is a weak 
antigen (WO 98/56906). 

5 Preferably the heparin binding site, which is located in the N-termlnal region of exon 
1 (Figure 4) Is abolished by removal or mutagenls of N-termlnal lysine residues 
(Graversen et aI M manuscript) without inhibiting trinrterisation. TTSEs that include 
most oral! of exon 1 therefore confer an affinity for sulfated polysaccharides to any 
designed protein which encompasses such a TTSE as part of its structure, (f 
10 desired, however, this affinity can be reduced or abolished by N-termlnal truncation 
or mutagenesis of lysine residues in the part of the TTSE that corresponds to the N- 
terminal 9-10 amino acid residues of exon 1 (Graversen et al., unpublished). 

The interacting domain of the trimerising module according to the invention is 
15 preferably of the same type as in TTSE, namely a triple alpha helical coiled coil. 

The TTSE may be from human tetranectin, from rabbit tetranectin, from murine 
tetranectin or from C-type lectin of shark cartilage. Preferably, the TTSE comprises 
a sequence having at least 68%, such as at least 75%, for example at least 81 %, for 
20 example at least 87% such as at least 92% identity with the consensus sequence of 
figure 1. Thereby analogues of the TTSE having substantially the same trimerising 
effect are encompassed by the invention. 

Preferably, the cystetn residue 50 of TTSE should be mutagenlsed to serine, 
25 threonine, methionine or to any other amino acid residue In order to avoid formation 
of an unwanted Inter-chatn disulphide bridge, which could lead to unwanted 
multimerisation. 

The presence of a trimer may be ascertained by welT known techniques such as gel- 
30 filtration, SDS-PAGE, or native SDS gel electrophoresis depending on the nature of 
the trimer. One preferred method for ascertaining the presence of an oligomer is 
through linkage by DMSI followed by SDS-PAGE. 

According to a preferred embodiment of the Invention the protein construct is 
35 obtained by linking two or more apolipoproteins to oligomerising modules. The 
advantage of this embodiment is that the linkage of the Individual apolipoproteins to 
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ne another does not take place within the apolipoprctein but in the ollgomerfsing 
module. Thereby the nature of the wild-type apolipoproteln Is conserved and the 
apolipoprctein conserves the secondary and tertiary structure, which is 
advantageous for its physiological function. By further introducing a peptide spacer 
between the apolipoprotein and the ollgomerislng module it is ensured that both of 
the components of the construct can perform their interaction with lipids and other 
oligomerislng modules respectively without being affected by the interactions of the 
other component. Preferably, the peptide spacer Is non-lmmunogenfc, and has an 
essentially linear three dimensional structure. 



Different or Identical apo units may be oligomerised using an oligomerisation module 
such as a dlmerising module, a trimerising module, a tetramerising module, a 
pentamerising module, a hexamerising module or a multimerlsing module. The 
oligomertsing modules may comprise a coiled coil structure capable of interchain 
15 recognition and interaction. 

The general method for producing an artificial oligomer of a protein or peptide 
comprises the identification of a trimerisation module from proteins that form trimers 
In nature. Through careful analysis, the domain responsible for the protein-protein 

20 interaction can be identified, Isolated, and linked to the protein or peptide to be 
trimertsed. According to the Invention such trimerisation does not necessarily 
comprise the formetion of a trimer of apolipoprctein or an analogue. It is also 
possible to link just one apolipoprotein to a trimerisation module and allow this 
peptide to trimerise with two other trimerisation modules. Thereby the molecular 

25 weight of the apolipoprotein part is increased and the plama half-life may be 
Increased compared to native apolipoprotein. 

One example of an oligomerisation module is disclosed in WO 95/31540 (HOPPE 
ET AL). which describes polypeptides comprising a collectin neck region. The 
30 amino acid sequence constituting the collectin neck region may be attached to any 
polypeptide of choice. Trimers can then be made under appropriate conditions 
between three polypeptides comprising the collectin neck region amino acid 
sequence. 

35 Spacer peptid e 
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TTi protein construct may also advantageously comprise a spacer moiety, which Is 
covalently linked between the apollpoproteln or apolipoprotein analogue and the 
heterologous moiety. The effect of the spacer Is to provide space between the 
5 heterologous moiety and the apolipoprotein part or the construct Thereby Is 
ensured that the secondary structure of the apolipoprotein part Is not affected by the 
presence of the heterologous moiety so that the physiological effect of the 
apolipoprotein part is maintained. Preferably, the spacer is of polypeptide nature. In 
this way the nucleic acid sequence encoding the spacer can be linked to the 
10 sequence encoding the apolipoprotein part of the construct and optionally the 
sequence for the heterologous moiety, and the whole construct can be produced at 
the same time. 

Design and preparation of suitable spacer moieties are known In the art and are 
15 conveniently effected by preparing fusion polypeptides having the format apo- 
spacer-X, where the spacer moiety is a polypeptide fragment (often a relatively inert 
one), so as to avoid undesired reactions between the spacer and the surroundings 
or the construct. 

20 A spacer moiety may also be inserted between two TTSEs allowing both of these to 
interact with a third separate TTSE to form a trimeric complex, which then comprises 
two separate peptides; TTSE and TTSE-spacer-TTSE. This embodiment facilitates 
the production of the apolipoprotein construct since the major part of the trimer, 
which is then strictly seen a dimer, can be synthesised as one single polypeptide 

25 comprising in sequence (apo denoting any polypeptide sequence forming the 
apolipoprotein part of the construct) apo-TTSE-spacer-TTSE-apo. 

In the embodiments where two TTSEs are present In the same monomer it is 
preferred that the spacer moiety has a length and a conformation which favours 
30 complex formation Involving both of the two TTSEs which are covalently linked by 
the spacer moiety. In this way, problems arising from undesired formation of trimers 
of the formats (2+1+1), (2+2+2). and (2+2+1) (wherein only one TTSE of each 
monomer participates In complex formation) can be diminished. 
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The spacer peptide preferably comprises at least two amino adds, such as at I ast 
three amino acids, for example at least five amino acids, such as at least ten amino 
acids, for example at least 15 amino acids, such as at least 20 amino acids, for 
example at least 30 amino acids, such as at least 40 amino acids, for example at 
5 least 50 amino acids, such as at least 60 amino acids, for example at least 70 amino 
adds, such as at least 80 amino adds, such as at least 90 amino acids such as 
approximately 100 amino acids. 

The spacer may be linked to the apo component and X through covalent linkages. 
10 and preferably the spacer Is essentially non-lmmunogenic, and/or is not prone to 
proteolytic cleavage, and/or does not comprise any cystein residues. 

Similarly, the three-dimensional structure of the spacer Is preferably linear or 
substantially linear. 

15 

The following are examples of spacer sequences, which are believed to be 
especially preferable for linking apolipoprotein analogues to a component X. 
Preferred examples of spacer or linker peptides indude those, which have been 
used to link proteins without substantially Impairing the function of the linked 
20 proteins or at least without substantially impairing the function of one of the linked 
proteins, More preferably the linkers or spacers have been used to link proteins 
comprising coiled-coil structures. 

Tetranectin based linker: 

25 The linker may indude the tetranectin residues 53-56, which in tetranectin forms a 
p-strand, and the residues 57-59 which forms a turn in tetranectin (Nielsen BB, 
Kastrup JS, Rasmussen H ( Holtet TL. Graversen JH, Etzerodt M, Thegersen HC, 
Larsen IK, FEBS-letter 412, 388-396, 1997). The sequence of the segment Is 
GTKVHMK. This linker has the advantage that it In native tetranectin is bridging the 

30 trimerisation domain with the CRD-domaln, and hence is imagined to be well suited 
for connecting the trimerisatfon domain to another domain In general. Furthermore 
the resulting construct Is not expected to be more Immunogenic than the construct 
without a linker. The tetranectin based linker is highly preferred when the component 
X comprises the TTSE 

35 
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Flbronectin based linker: 

The linker may be chosen as a sub-sequence from the connecting strand 3 from 
human flbronectin, this corresponds to amino add residues 1992-2102 (SWISS- 
PROT numbering, entry P02751). Preferably the subsequence: 
5 PGTSGQQPSVGQQ covering amino add residues number 2037-2049 is used, and 
within that subsequence the segment GTSGQ corresponding to amino acid residues 
2038-2042 is more preferable. This construct has the advantage that it Is know not 
to be highly prone to proteolytic cleavage and is not expected to be highly 
immunogenic bearing In mind that flbronectin is present at high concentrations In 
10 plasma. 

Human lgG 3 upper hinge based linker 

The 10 amino add residue sequence derived from the upper hinge region of murine 
lgG 3( PKPSTPPGSS, has been used for the production of antibodies dimerised 
15 trough a coiled coil (Pack P. and PIQckthun, A. Biochemistry 31, pp 157&-1584 
(1992)) and may be useful as a spacer peptide according to the present invention. 
Even more preferable may be a corresponding sequence from the upper hinge 
region of human lgG 3 . Sequences from human IgG 3 are not expected to be 
Immunogenic in human beings. 

20 

Flexible linkers 

Possible examples of flexible linker/spacer sequences include 
SGGTSGSTSGTGST, AGSSTGSSTGPGSTT or GGSGGAP. These sequences 
have been used far the linking of designed coiled coils to other protein domains 
25 (Muller, K. M., Amdt, K. M. and Alber, T., Meth. Enzymology, 328, pp 261-281 
(2000). 

The linkage 

30 The two components of the construct may be linked together by a covalent linkage. 
This linkage may be formed between the component X and the C or N terminal 
amino add of the apo component The components may also be linked via more 
than one covalent linkages. The covalent linkage between die components may also 
comprise a S-S bridge, preferably between cystein residues. These cystein residues 
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may be placed C or N terminally in the apo component and/or the component X or 
the may be placed Internally In either or both of the components. 

Cartohyclrafr 

5 

Irrespective of the other components of the construct the construct according to the 
Invention may comprise a carbohydrate moiety. 

Tetranectin trime rising structural element 

10 

One especially preferred embodiment of the invention Is the trimerisation or partial 
trimerisation of an apolipoprotein or analogue thereof with the trimerisation module 
from tetranectin. 

15 This technique Is described in WO 9B/56908 O"H0GERSEN ET AL), which te 
hereby Incorporated by reference. The trimeric polypeptides are constructed as a 
monomer polypeptide construct comprising at least one tetranectin trimerising 
structural element (TTSE), which is covalently linked to at least one heterologous 
moiety. The tetranectin trimerising structural element is capable of forming a stable 

20 complex with two other tetranectin trimerising structural elements. 

The term "trimerising structural element" (TTSE) used in the present description and 
claims is intended to refer to the portion of a polypeptide molecule of the tetranectin 
family which is responsible for trimerisation between monomers of the tetranectin 
25 polypeptide. The term is also Intended to embrace variants of a TTSE of a naturally 
occurring tetranectin family member, variants which have been modified in the 
amino add sequence without adversely affecting, to any substantial degree, the 
trimerisation properties relative to those of the native tetranectin family member 
molecule. 

30 

Specific examples of such variants will be described in detail herein, but it Is 
generally preferred that the TTSE Is derived from human tetranectin, murine 
tetranectin, C type lectin of human or bovine cartilage, or C-type lectin of shark 
cartilage. Especially preferred is monomer polypeptide constructs including at least 
35 one TTSE derived from human tetranectin. 
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The 49 residue polypeptide sequence encoded by exons 1 and 2 of tetranectin (Fig. 
3) appears to be unique to the tetranectin group of proteins (Fig. 4) as no significant 
sequence homology to other known polypeptide sequences has been established. 
5 In preparation for experimental Investigations of the architecture of tetranectin a 
collection of recombinant proteins was produced, the collection including complete 
tetranectin, the CRD domain (approximately corresponding to the polypeptide 
encoded by exon 3), a product corresponding to the polypeptide encoded by exons 
2+3, a product corresponding to exons 1+2 (Holtet et aL, 1996). Tetranectin is 
10 indeed a trimer, but the exon 2 encoded polypeptide is In fact capable of effecting 
trimerisation by Itself as evidenced by the observation that the recombinant protein 
corresponding to exons 2+3 is In fact trfmerfc In solution. 

3D-structure analysis of crystals of full-length recombinant tetranectin (Nielsen et al., 
15 1996; Nielsen, 1996; Larsen et al., 1996; Kastrup, 1996) has shown that the 
polypeptide encoded in exon 2 plus three residues encoded in exon 3 form a triple 
alpha helical coiled coil structure. 

From the combination of sequence and structure data it becomes clear that 
20 trimerisation in tetranectin is In fact generated by a structural element (Fig. 4), 
comprising the amino acid residues encoded by exon two and the first three 
residues of exon 3 by an unusual heptad repeat sequence, that apparently is unique 
to tetranectin and other members of its group: This amino acid sequence (Fig. 4) is 
characterised by two copies of heptad repeats (abcdefg) with hydrophobic residues 
25 at a and d positions as are other alpha helical coiled coils. These two heptad 
repeats are in sequence followed by an unusual third copy of the heptad repeat, 
where glulamine 44 and glutamine 47 not only substitute the hydrophobic residues 
at both the a and d position, but are directly involved In the formation of the triple 
alpha helical coiled coil structure. These heptad repeats are additionally flanked by 
30 two half-repeats with hydrophobic residues at the d and a position, respectively. 

The presence of beta-branched hydrophobic residues at a or d positions in alpha 
helical coiled coil are known to influence the state of oligomerlsation. In the 
tetranectin structural element only one conserved valine (number 37) Is present At 
35 sequence position 29 In tetranectin no particular aliphatic residue appears to be 
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preferred. 

In summary, it is apparent that the triple stranded coiled coil structure In tetranectin 
to a large extent is governed by interactions that are unexpected in relation to those 
5 characteristic among the group of known colled coil proteins. 

The TTSEs form surprisingly stable trirneric molecules. The experimental 
observations, that (1) a substantial part of the recombinant proteins exists in the 
ollgomeric state of and can be cross-linked as trlmeric molecules even at 70C° and 

10 (2) that exchange of monomers between different trimers can only be detected after 
exposure to elevated temperature are evidence of a extremely high stability of the 
tetranectin trimerising structural element This feature must be reflected in the amino 
acid sequence of the structural element In particular, the presence and position of 
the gfutamine containing repeat In the sequential array of heptad repeats is, together 

15 with the presence and relative position of the other conserved residues in the 
consensus sequence (Fig. 4), considered important for the formation of these stable 
trirneric molecules. For most practical uses the cysteine residue 50 should be 
mutagenteed to serine, threonine, methionine or to any other amino acid residue in 
order to avoid formation of an unwanted inter-chain disulphide bridge, which 

20 eventually would lead to uncontrolled multimerfsation, aggregation and precipitation 
of a polypeptide product harbouring this sequence. 

In particular in conjunction with the trtmer-stabilising exon 1 encoded polypeptide, 
the tetranectin trimerising structural element is a truly autonomous polypeptide 
25 module retaining Its structural integrity and propensity to generate a highly stable 
homotrimeric complex whether it is attached or not by a peptide bond at either or at 
both termini to other proteins. 

This unique property is demonstrated by the fact that polypeptide sequences 
30 derived from heterologous proteins may readily be trimerised when joined as fusion 
proteins to the tetranectin trimerising structural element. This remains valid 
Irrespective of whether the heterologous polypeptide sequences are placed amino- 
tenminaiiy or carboxy-termlnally to the trimerising element allowing for the formation 
of one molecular assembly containing up to six copies of one particular polypeptide 
35 sequence or functional entities, or the formation of one molecular assembly 
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containing up to six different polypeptide sequences, each contributing their 
individual functional property. 

Since three TTSEs of naturally occurring human tetranectin forms up a triple alpha 
5 helical coiled coil, It Is preferred that the stable complex formed by the TTSEs of the 
Invention also forms a triple alpha helical colled coil. 

The "tetranectin family" are polypeptides, which share the consensus sequence 
shown in Fig. 4 or a sequence, which Is homologous at sequence level with this 
10 consensus sequence, 

Hence, monomer polypeptide constructs of the Invention are preferred which 
comprise a polypeptide sequence which has at least 68% sequence identity with the 
consensus sequence shown In Fig. 4, but higher sequence Identities are preferred, 
1 5 such as at least 75%, at least 81%, at least 87%, and at least 92%. 

Production of the protein construct 

In order to produce a peptide component of the protein construct the cDNA 
20 encoding this part is inserted into an expression vector and transformed into a host 
cell. 

The above mentioned host cell (which Is also a part of the Invention) can be 
prepared by traditional genetic engineering techniques which comprises inserting a 

25 nucleic acid fragment (normally a DNA fragment) encoding the polypeptide part of a 
monomer polypeptide construct of the Invention Into a suitable expression vector, 
transforming a suitable host cell with the vector, and culturlng the host cell under 
conditions allowing expression of the polypeptide part of the monomer polypeptide 
construct. The nucleic acid fragment encoding the polypeptide may be placed under 

30 the control of a suitable promoter which may be Inducible or a constitutive promoter. 

Depending on the expression system, the polypeptide may be recovered from the 
extracellular phase, the periplasm or from the cytoplasm of the host cell. 

35 Suitable vector systems and host cells are well-known in the art as evidenced by the 
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vast amount of literature and materials available to the skilled person. Since the 
present inv ntion also relates to th use of the nucleic acid fragments of the 
Invention in the construction of vectors and in host cells, the following provides a 
general discussion relating to such use and the particular considerations in 
5 practising this aspect of the invention. 

In general, of course, prokaryotes are preferred for the initial cloning of nucleic 
sequences of the invention and constructing the vectors useful in the invention. For 
example, in addition to the particular strains mentioned in the more specific 
10 disclosure below, one may mention by way of example, strains such as E. coll K12 
strain 294 (ATCC No. 31446), E. coll B, and E. coli X 1776 (ATCC No. 31537). 
These examples are, of course, intended to be illustrative rather than limiting. 

Prokaryotes are also preferred for expression, since efficient purification and protein 
15 refolding strategies are available. The aforementioned strains, as well as E coli 
W3110 (F-X, prototrophic, ATCC No. 273325), bacilli such as Bacillus subtilis, or 
other enterobacteriaceae such as Salmonella typhimurium or Serratia marcesans. 
and various Pseudomonas species may be used. 

20 In general, plasmid vectors containing replicon and control sequences which are 
derived from species compatible with the host cell are used in connection with these 
hosts. The vector ordinarily carries a replication site, as well as marking sequences 
which are capable of providing phenotypic selection in transformed cells. For 
example. E. coli is typically transformed using pBR322, a plasmid derived from an E. 

25 coli species (see, e.g., Bolivar et al., 1977). The pBR322 plasmid contains genes for 
ampfcJIlin and tetracycline resistance and thus provides easy means for identifying 
transformed cells. 

The pBR plasmid, or other microbial plasmid or phage must also contain, or be 
30 modified to contain, promoters which can be used by the microorganism for 
expression. 

Those promoters most commonly used In recombinant DNA construction Include the 
B-lactamase (penicillinase) and lactose promoter systems (Chang et al.. 1978; 
35 Itakura et al. ( 1977; Goeddel et al., 1979) and a tryptophan (trp) promoter system 
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(Goeddel et al., 1979; EPO Appl. Publ. No. 0036776). While these are the most 
commonly used, other microbial promoters have been discovered end utilised, and 
details concerning their nucleotide sequences have been published, enabling a 
skilled worker to ligate them functionally with plasmid vectors (Siebwenlist et eL. 
5 19B0). Certain genes from prokaryotes may be expressed efficiently In E. coli from 
their own promoter sequences, precluding the need for addition of another promoter 
by artificial means. 

In addition to prokaryotes, eukaryotic microbes, such as yeast cultures may also be 
10 used. Saccharomyces cerevlsfase, or common baker's yeast is the most commonly 
used among eukaryotic microorganisms, although a number of other strains are 
commonly available. For expression In Saccharomyces, the plasmid YRp7, for 
example, Is commonly used (Stincheomb et al., 1979; Kingsman et al., 1979; 
TschemperetaL, 1980). 

15 

This plasmid already contains the trpl gene which provides a selection marker for a 
mutant strain of yeast lacking the ability to grow In tryptophan for example ATCC 
No. 44076 or PEP4-1 (Jones, 1977). The presence of the trpl lesion as a 
characteristic of the yeast host cell genome then provides an effective environment 
20 for detecting transformation by growth in the absence of tryptophan. 

Suitable promoting sequences In yeast vectors Include the promoters for 3- 
phosphoglycerate kinase (Hitanan et at., 1980) or other glycolytic enzymes (Hess et 
al., 1968; Holland et al., 1978), such as enolase, glyceraldehyde-3-phosphate 

25 dehydrogenase, hoxoklnase f pyruvate decarboxylase, phosphofructakinase, 
gIucose-6-phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase, 
triosephosphate Isomerase, phosphoglucose (somerase, and glucoklnase. In 
constructing suitable expression plasmids, the termination sequences associated 
with these genes are also ligated into the expres sion vector 3 f of the sequence 

30 desired to be expressed to provide polyadenylation of the mRNA and termination. 

Other promoters, which have the additional advantage of transcription controlled by 
growth conditions are the promoter region for alcohol dehydrogenase 2* 
isocytochrome C, acid phosphatase, degradatfve enzymes associated with nitrogen 
35 metabolism, and the aforementioned glyceraldehyde-3-phosphate dehydrogenase, 
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and enzymes responsible for maltose and galactos utilisation. Any piasmid vector 
containing a yeast compatibl promoter, origin f replication and termination 
sequences is suitable. 

5 In addition to microorganisms, cultures of cells derived from multicellular organisms 
may also be used as hosts. In principle* any such cell culture is workable, whether 
from vertebrate or invertebrate culture. However, interest has been greatest In 
vertebrate cells, and propagation of vertebrate In culture (tissue culture) has become 
a routine procedure (Tissue Culture, 1973), Examples of such useful host cell lines 
10 are VERO and HeLa cells, Chinese hamster ovary (CHO) cell lines, and W13B, 
BHK, COS-7 293 and MDCK cell lines. 

Expression vectors for such cells ordinarily Include (if necessary) an origin of 
replication, a promoter located in front of the gene to be expressed, along with any 
15 necessary ribosome binding sites, RNA splice sites, polyadenyiation site, and 
transcriptional terminator sequences. 

For use in mammalian cells, the control functions on the expression vectors are 
often provided by viral material. For example, commonly used promoters are derived 

20 from polyoma, Adenovirus 2, and most frequently Simian Virus 40 (SV40). The early 
and late promoters of SV40 virus are particularly useful because both are obtained 
easily from the virus as a fragment which also contains the SV40 viral origin of 
replication (Fiers et al., 1978). Smaller or larger SV40 fragments may also be used, 
provided there Is Included the approximately 250 bp sequence extending from the 

25 Hindlll site toward the Bgli site located In the viral origin of replication. Further, it Is 
also possible, and often desirable, to utilise promoter or control sequences normally 
associated with the desired gene sequence, provided such control sequences are 
compatible with the host cell systems. 

30 An origin of replication may be provided either by construction of the vector to 
include an exogenous origin, such as may be derived from SV40 or other viral (e.g., 
Polyoma, Adeno, VSV, BPV) or may be provided by the host cell chromosomal 
replication mechanism. If the vector is integrated Into the host cell chromosome, the 
fatter is often sufficient. 
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Upon production of the polypeptide monomer constructs it may be necessary to 
process the polypeptides further, e.g. by introducing non-protelnaceous functions in 
the polypeptide, by subjecting the material to suitable refolding conditions (e.g. by 
5 using the generally applicable strategies suggested in WO 94/1 8227), or by cleaving 
off undeslred peptide moieties of the monomer (e.g. expression enhancing peptide 
fragments which are undesired in the end product). 

In the light of the above discussion, the methods for recombinant^ producing the 
10 monomer polypeptide construct of the invention are also a part of the Invention, as 
are the vectors carrying and/or being capable of replicating the nucleic acids 
according to the invention in a host cell or a cell-line. According to the invention the 
expression vector can be e.g, a plasmid. a cosmid, a minfchromosome, or a phage. 
Especially interesting are vectors which are integrated In the host cell/cell line 
1 5 genome after introduction in the host, 

Another part of the Invention are transformed cells (useful in the above-described 
methods) carrying and capable of replicating the nucleic acid fragments of the 
Invention; the host cell can be a microorganism such as a bacterium, a yeast, or a 
20 protozoan, or a cell derived from a multicellular organism such as a fungus, an 
Insect cell, a plant cell, or a mammalian cell. Especially interesting are cells from the 
bacterial species Escherichia, Bacillus and Salmonella, and a preferred bacterium is 
£. cofi. 

25 Yet another part of the Invention relates to a stable cell line producing the 
polypeptide part of a construct according to the invention, and preferably the cell line 
carries and expresses a nucleic acid of the Invention. 

Plasmids 

30 

The construct according to the invention may be manufactures using the plasmid s 
disclosed below. 

pT7H6 Tn'pA-a&oAl; 



15/01 "01 MAN 15:19 [AF/MT-NR 6968) @Q33 



15/01 01 15:28 FAX +45 33320384 HO I BERG APS - PATENT-OG VAREH£ 8)034 

P 459 DK01 

32 

The plasmld comprises the plasmid pT7H6Fxtripa described in WO 98/56906 as 
example no. 1 . 

Expression Is governed by the T7 promoter. The plasmid furthermore comprises a 
H6 sequence being a hexa-HIs affinity tag for use In purification. After that Is 
5 Inserted a Fxa recognition sequence (IQGR) 

-SPGT is a connective sequence to the subsequent trimertsation module. This 
sequence has been Inserted because it gives the opportunity to cut the DNA strand 
With Bgl II and Kpn I. 

-Trip A is the trimerisatjon module from tetranectin.. 
10 GS is another connective sequence, which provides an opportunity to cut with Bam. 
HI. 

Finally the plasmid comprises the human apoprotein A-] cDNA coding for amino 
acids 25 -267 from human apolipoprotein A-l 

15 DT7H6Trh>A-apoA1-de)43: 

The plasmid comprises the sequences as above, but the apolipoprotein part has 
been replaced with cDNA coding for amino acids 68-267 from human apolipoprotein 
A-l. 

20 pT7H6UbiFxApoAI 

The basic plasmid has been described in Ellgaard et al (1997). 
The plasmid comprises the following sequences: 
- the expression Is governed by the T7 promoter 
25 -H6: hexa-His affinity tag for purification of the protein construct 
-Ubi: cDNA coding for human ubiquitin 
-FX; recognition sequence for Fxa 

-DNA coding for two Gly residues, necessary for the optimal cleavage by FXa. 
ApoAl: cDNA coding for amino acids 25 -267 from human apolipoprotein A-l 

30 

DT7H6UbiFXCvsAPOAI 

As above, but after the sequence coding for the two glycfne residues and before the 
apolipoprotein A-l sequence coding for a cystein residue has been Inserted. 
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PT7H6FXCVSAPOA1 

The plasmid comprises the following sequences: 
5 - the expression Is governed by the 77 promoter 

-H6: hexa-His affinity tag for purification of the protein construct 
-FX: recognition sequence for Fxa 

-DNA coding for two Gly residues, necessary for the optimal cleavage by FXa. 
-DNA coding for a cystein residue. 
1 0 -ApoAl: cDNA coding for amino acids 25 -267 from human apofipoprotein A-l 

Receptor binding 

The performance of the constructs according to the invention may be analysed by 
15 measuring the ability of the constructs to bind to receptors which bind native 
apollpoprotefn A-l, A-ll or A-JV. Such receptors Include but are not limited to cubilin 
and scavenger receptor B1. The dissociation constant, KD, of the complex between 
cubilin and native apolipoprotein A I is 20 nm. It has been determined experimentally 
that an apolipoprotefn A I trimer according to the present Invention binds even 
20 stronger to cubilin. 

Affinity tags 

The protein construct according to the Invention may also comprise an affinity tag for 
25 use during purification of the construct Such a tag preferably comprises a 
polyhistidine sequence. This sequence can advantageously be used for purification 
of the product on a Ni z * column, which will bind the polyhistidine sequence and 
thereby the whole protein. After elutlon from the column the polyhistidine sequence 
may be cleaved off by a proteinase such as trombin recognising a specific sequence 
30 built into the construct between the protein construct and the polyhistidine 
sequence. 

In order to aid in the purification of the expressed protein a DNA sequence encoding 
an affinity tag may be added to the sequence encoding the protein construct. Such 
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affinity tags may include well known tags as an antigenic tag, a polyhistidine tag, or 
a GST tag. 

Production of aeo-TTSE 

5 

In order to produce a construct comprising an apollpoprotein part and a TTSE, the 
cDNA encoding the apolipoprotein part is ligated at the 3' end to the 5' end of the c- 
DNA encoding the TTSE. Further TTSE units and apolipoprotein units may also be 
ligated. A sequence encoding an enzyme cleavage site is further ligated to the 3' 
10 end of the sequence encoding TTSE and finally a sequence encoding polyhistidine 
is also ligated. This can be done by conventional PCR techniques. The combined c- 
DNA Is Inserted into an expression vector and transformed into a host cell. 

After expression in the E. coll, the polyhistidine sequence Is used to capture the 
15 heterologous protein on a Ni2+ column. After elution the polyhistidine tail can be 
removed by a proteinase such as Fx cleaving the heterologous protein at the 
specific site Inserted into it between the TTSE and the polyhistidine sequence. The 
resulting apo-TTSE peptide can then be processed further by trimerising it to other 
or identical apo-TTSE peptides. 

20 

Use of an apo co nstruct for preparation o f a pharmaceutical composition 

The apo construct may be used for the preparation of a pharmaceutical composition. 
The composition may comprise pharmaceutical acceptable excipients, adjuvants, 
25 additives such as phospholipids, cholesterol, or triglycerides. 

The pharmaceutical composition may be administered intravenously, intraarterial^, 
intramuscular?, transdermal^, pulmonary, subcutaneously, Intradermal^, 
intratechally, through the buccal-, anal-, vaginah conjunctival-, or intranasal tissue, 
30 or by inoculation into tissue, such as tumour tissue, or by an implant or orally. 

The formulation of the pharmaceutical compositions according to the Invention is 
preferably performed using techniques well known to the skilled practitioner. This 
may comprise the addition of pharmaceutical^ acceptable excipients, adjuvants, or 
35 additives, such as phospholipids, cholestorol or triglycerides. 
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Administration of aoo construct 

The apo-construcfcs according to the invention may be administered for 
5 arterosderosis such as for Indications such as angina pectoris, claudication and for 
removal of endotoxins. It Is envisaged that the administration comprises the 
administration of at least 50 mg of the construct every week such as to obtain a 
plasma concentration of approximately 0.5 g/L Preferably the construct is 
administered parenteral^ such as through Injections, suppositories, Implants etc. 

10 

Preferably the composition is administered in an amount comprising at least 50 mg 
apoiipoprotefn construct per week, such as at least 100 mg/week, for example at 
least 250 mg/week, such as at least 500 mg/week, for example at least 750 
mg/week such as at least 1000 mg/week, for example at least 1250 mg/Week, such 
15 as at least 1500 mg/week, for example at least 2000 mg/week, such as at least 
2500 mg/week, for example at least 5000 mg/week. The administration may be 
performed once a week once every second week, or once every third week, or once 
every fourth week. 

20 The constructs may also be administered orally. For this administration route, the 
technology described In W09946283, US 5,922,680, US 5,780,434 or US 
5,591.433, US 5,609,871, or US 5,783,193 may be applied to the protein constructs 
according to the present invention. These references are hereby incorporated in 
their entirety by reference. 

25 

Cell population: 

The invention also encompasses the use of the nucleotide sequence according to 
the invention for gene therapy. 

30 

The genes may be transferred to a population of macrophages and subsequently be 
transferred to the patient in need of treatment Hereby, a transient expression of the 
gene is obtained, since the macrophage have a limited lifetime in the blood vessels. 

35 permanent transfection may be obtained by transforming liver cells. 
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Example 1: Cloning of Apo A-l 

The cDNA encoding Apo A-l was amplified from a human liver cDNA library 
5 (Clontech) using standard PCR techniques. For the construction of Ubi-A-I the 
prtmers used were: 5-CAC GGA TCC ATC GAG GGT AGG GGT GGA GAT GaA 
CCC CCC CAG AGC-3' and 5'- TCC AAG CTT ATT ACT GGG TGT TGA GCT 
TCT TAG TG-3\ The product was cloned into the vector pT7H6Ubi, described In 
(Ellgaard L et al Eur. J. Biochem. 1997;244(2):544-51) using the Bam HI and Hind 

10 III cloning sites. For the construction of Trip-A-A-I the primers used were 5 -AAG 
GGA TCC GAT GAA CCC CCC CAG AGC CCC-3' and 5'-TCC AAG CTT ATT ACT 
GGG TGT TGA GCT TCT TAG TG-3'. The PCR product was cloned into the 
pT7H6tripa vector described in WO 98/56906 using the Bam HI and Hind III cloning 
sites. For the construction of Trip-A-l-del43 the primers used were 5'- AGG GGA 

15 TCC CTA AAG CTC CTT GAC AAC TGG G-3' and 5'- TCC AAG CTT ATT ACT 
GGG TGT TGA GCT TCT TAG TG -3'. The PCR product was cloned into the 
pT7H6trfpa vector described in WO 96/56906 using the Bam HI and Hind III cloning 
sites. For the construction of Ubi-Cys-A-I the primers used were: 5*-GGT GGA TCC 
ATC GAG GGT AGG GGT GGA TGT GAT GAA CCC CCC C -3' and 5'- TCC AAG 

20 CTT ATT ACT GGG TGT TGA GCT TCT TAG TG -3'. The product was cloned inti 
the vector pT7H6Ubf, described in (Ellgaard L et al Eur. J. Biochem, 
1997;244(2):544-51) using the Bam HI and Hind III cloning sites. The plasmids 
generated are shown on figure 4, 5 f 6, and 7. 

25 Example 2: Expression of apolipoprotein A-l (apo A-l) In E. coif 

Ubi-A-l and Trip-A-I are conveniently expressed in E. cofi AV-1 cells (Stratagene 
Inc.). Other cell lines may be used as well. Cufturing of the cells and induction of 
expression were performed as described for tetranectin in WO 96/56906. 

30 

Example 3: Isolation and processing of protein 

Crude protein was Isolated by phenol extraction as described for tetranectin In WO 
98/56906. The re-dlssolved pellet from 6 litres of expression culture was centrifuged 
35 to remove non-dissolved material and then batch adsorbed to 50 ml Ni 2+ -NTA- 
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Sepharose, prepared as described in WO 98/56906. The column material was 
packed on a column and then washed with 500 ml 8 M urea, 500 mM NaCI, 50 mM 
Tris-HCI pH 8.0, then 200 ml of 6 M Guanidinlum-HCl, 50 mM Tris-HCI pH 8.0 and 
finally 300 ml of 500 mM NaCI, 50 mM Tris-HCI pH 8.0. "The protein was eluted with 
5 500 mM NaCI, 50 mM Tris-HCI pH 8.0 and 10 mM EDTA. The protein was added 
0.5 mg of FX. and digested overnight at room temperature. Thrombin may be used 
for this purpose as well. The protein was gelfiltrated on a G-25 sephadex 
(Pharmacia) column in to a 500 mM NaCI, 50 mM Tris-HCI pH 8.0 buffer. 
Undigested protein was removed by passing the protein solution over a Ni 2+ -NTA- 
10 Sepharose column pre-washed in 500 mM NaCI, 50 mM Tris-HCI pH 8.0 and then 
washed with 500 mM NaCI, 50 mM Tris-HCI pH 8.0. Undigested protein was eluted 
with 500 mM NaCI, 50 mM Tris-HCI pH 8.0 and 10 mM EDTA. 

Example 4; Removal of lipids from the proteins 

15 

The proteins were gelfiltrated into a 10 mM (NH^COa pH 8.8 solution and 
(yophilised. The lyophilised protein was resuspended in 25 ml cold 1:1 
methanol/chloroform, incubated on ice for 30 mln, centrffuged at 3000 g for 20 
minutes. The pellet was resuspended in 25 ml of 1:2 cold methanol/chloroform, 
20 equilibrated for 30 minutes on ice and recentrifuged. The supernatant was removed 
and the pellet was briefly air-dried and then redissoIVed in 6 M guanidinlum-HCI. 50 
mM Tris-HCI pH 8.0 over night. 

Example 5: Multimerfsatlon assay 

25 

Cross linking 

Multimerisation may be measured by cross-linking of multimers followed by 
analytical SDS-PAGE. 

30 

60 nJ of a 0.2 mg/ml protein dissolved In 150 mM Na-borate pH 9.0 equilibrated to 
the desired temperature for 30 minutes are added 5 ^i of a 20 mg/ml 
dimethytsuberimidate and incubated for 30 minutes at the desired temperature. The 
cross-linking was quenched by the addition of 5 yd 3 M Tris-HCI pH 9.0. 

35 
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Dimethylsuberimidate caus s lysin residues located within a short distance from one 
anoth r to form a covalent bond. The result is that proteins which have formed 
multimers are covalently linked to one another. The molecular weight of the 
multimers can be estimated in the subsequent SDS-PAGE. 

5 

The cross-linking products were analysed by SDS-PAGE on 6-16 % acrylamlde 
gels. Optionally an adjuvant, such as a lipid, was Included in the cross-linking 
mixture, in which case the protein was pre-incubated with the adjuvant. 

10 Analytical qelfiltration 

Multlmerlsation may also be measured by analytical geKiUration. 

The protein was dissolved in a 500 mM NaCI, 50 mM Tris-HCi pH 8.0 buffer and 
15 gelfiltrated on a Superdex 200 HR 10/30 column in to the desired buffer at room 
temperature and a flow of 0.25 ml/mi'n. For standard procedures the buffer was 100 
mM NaCI ( 50 mM Tris-HCI pH 8.0. 
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Claims 

1 . An apolipoproteln construct having the general formula 
5 - apo-X, 

- where apo Is an apolipoproteln component selected from the group consisting of 
apolipoproteln A), apolipoproteln All, apolipoproteln A IV, an analogue or a 
variant thereof, 

10 

- and X is a heterologous moiety comprising at least one compound selected from 
the group consisting of an amino acid, a non-apolipoprotein peptide, an 
ollgomerfsing module, a carbohydrate, a nucleic acid sequence, a non- 
apolipoprotein protein, and an apolipoproteln selected from the group consisting 

15 of apolipoproteln A], apolipoproteln All, apolipoproteln AlV, apolipoprotein E, an 

analogue or a variant thereof, 

- with the proviso that when the construct consists of exactly two identical, native 
apolipoproteins these are linked serially. 

20 

2. The construct of claim 1, further comprising a spacer between the apo 
component and X. 

3. The construct of claim 2, wherein the spacer comprises a spacer peptide. 

25 

4. The construct of claim 3, wherein the spacer peptide comprises at least two 
amino acids, such as at least three amino acids, for example at least five amino 
adds, such as at least ten amino adds, for example at least 15 amino acids, 
such as at least 20 amino acids, for example at least 30 amino acids, such as at 

30 least 40 amino acids, for example at least 50 amino acids, such as at least 60 

amino acids, for example at (east 70 amino acids, such as at least 60 amino 
acids, such as at least 90 amino acids such as approximately 100 amino acids. 

5. The construct according to claim 2, wherein the spacer is linked to the apo 
35 component and X through covatent linkages. 
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6. The construct according to dalm 2, wherein the spacer Is essentially non- 
Immunogenic, and/or is not prone to proteolytic cleavage and/or does not 
comprise any cysteln residues. 

5 

7. The construct according to claim 2, wherein the three-dimensional structure of 
the spacer Is linear or substantially linear. 

8. The construct according to claim 2, wherein the spacer peptide comprises the 
10 amino acfd sequence GTKVHMK from tetranectin, amino add sequence 

PGTSGQQPSVGQQ and GTSGQ from the connecting strand 3 from human 
fibronectin, PKPSTPPGSS from the upper hinge region of murine lgG 3l 
SGGTSGSTSGTGST, AGSSTGSSTGPGSTT or GGSGGAP. 

15 9. The construct of claim 1 , wherein the component X is linked by a covalent link to 
the N- terminal or the C-termlnal amino acid of apo. 

10. The construct of claim 1, wherein the apo component and X are linked by two 
covalent links. 

20 

11. The construct of claim 1, wherein the apo component and X are linked through a 
S-S bridge, preferably a cystin bridge. 

12. The construct of claim 1, wherein the protein comprises a non-immunogenic 
25 Inert protein. 

13. The construct of claim 12, wherein the protein comprises a protein selected from 
he group comprising albumin, more preferably serum albumin, the serine 
protease fragment of plasminogen or another serine protease engineered to be 

30 inactive by disruption of the catalytic triad, and the constant region of the heavy 

chain of immunoglobulins. 

14. The construct of claim 1, wherein the analogue or variant is capable of eliciting 
substantially the same physiological response as the apolipoprotein-A-l, A-ll or 

35 A-IV. 
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15. The construct of claim 1, wherein the amino acid constituting the component X Is 
a cystein residue. 

5 16. The construct of claim 15. wherein the cystein residue is linked N-terminally. C- 
termlnally, or internally to the apo component. 

17. The construct of claim 1, wherein the peptide constituting the component X 
comprises more than 1 amino acids such as more than 2 amino acids, for 

10 example more than 5 amino acids, such as more than 10 amino acids, for 

example more than 15 amino acids, such as more than 20 amino adds, such as 
more than 30 amino acids, for example more than 40 amino acids, such as more 
than 50 amino adds, for example more than 75 amino adds, such as more than 
100 amino acids, for example more than 200 amino acids, such as more than 

15 300 amino adds, for example more than 400 amino adds, such as more than 

500 amino adds, for example more than 600 amino acids, such as more than 
700 amino adds, for example more than 800 amino acids, such as more than 
900 amino acids, for example more than 1000, 1250, 1500, 2000, or 2500 amino 
acids.. 

20 

18. The construct of daim 1, wherein the protein comprised in the component X 
comprises two proteins selected from the group consisting of apolipoprotein A-l, 
apolipoprotein A-II, or apolipoprotein A-IV, an analogue or variant thereof. 

25 19. The construct of dalm 1, wherein the protein comprised in the component X 
comprises at least one apolipoprotein E. 

20. The construct of claim 1, wherein the ollgomerlslng module is a dimerising 
module. 

30 

21. The construct of claim 1, wherein the oligomerising module is a trimerlslng 
module. 

22. TTie construct of daim 1, wherein the oligomerising module is a tetramerislng 
35 moduL 
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23. The construct f claim 1, wherein the oligomerising module is a multimerising 
module. 

5 24. The construct of claim 1, wherein the oligomerising module Is of non-peptide 
nature. 

25. The construct of claim 21, wherein the trimerising module comprises an amino 
acid sequence, capable of mediating interchain recognition, trimerisation and 

1 0 alignment of three polypeptide chains. 

26. The construct of claim 21, wherein the trimerising module is from tetranectin. 

27. The construct of claim 21, wherein the trimerising module comprises the 
15 tetranectin trimerising module from tetranectin. 

28. The construct of claim 25, wherein the tetranectin trimerising module Is capable 
of forming a stable complex with other tetranectin trimerising modules. 

20 29. The construct of the claims 28, wherein the stable complex includes a coiled 
coil structure. 

30. The construct of dalm 29, wherein the coiled coil structure Is a triple alpha 
helical coiled coil. 

25 

31. The construct of the claims 25 to 30, wherein the trimerising module comprising 
two tetranectin trimerising modules linked by a spacer moiety, which allows both 
of the two tetranectin trimerising modules to take part in a complex formation 
with a third tetranectin trimerising module not being part of the apolipoprotein 

30 construct. 

32. The construct of the claims 25 to 31, wherein at least one tetranectin trimerising 
module is selected from the group consisting of human tetranectin, murine 
tetranectin or C-type lectin of human, bovine or shark cartilage. 

35 
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33. The construct of the claims 25 to 32, wherein the tetranectin trimerislng module 
comprises a sequence having at least 68 % identity with the consensus 
sequence of Fig. 4. 

5 34. The construct of claim 33, wherein the sequence Identity with the consensus 
sequence Is at least 75 %, such as at least 81 %, for example at least 87 %, 
such as at least 92 %. 

35. The construct of claim 33, wherein the cystein residue no. 50 is substituted by a 
1 0 serine residue, a threonine residue, or a methionine residue. 

36. The construct of claim 33, wherein the cystein residue no. 50 is substituted by 
any other amino acid residue. 

15 37. The construct of claim 21, comprising the trimerlsation module from the collectin 
neck region. 

38. The construct of claim 1, wherein the oligomerising module is present after 
purification of the apolipoprotein construct. 

20 

39. The construct of claim 1 , further comprising at least one carbohydrate moiety. 

40. The construct of claim 1, further comprising an affinity tag. 

25 41 . The construct of claim 40, comprising a poly His affinity tag. 

42. The construct of claim 40, comprising an affinity tag selected from the group 
consisting of an antigenic tag, a GST tag. 

30 43. The construct of claim 1 , having a half-life of at least the half-life of native Apo a- 
I, A-ll or A-IV, preferably at least 2 fames higher, more preferably at least 3 times 
higher such as 4 times, more preferably at least 5 times higher, such as 6 times, 
more preferably at least 8 times higher such as at least 10 times. 
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44. The construct f claim 1, having a higher binding affinity to cholesterol compared 
to native Apo A- 1, A-ll or A-IV. 

45. The construct of claim 1, capable of binding to cubilin. 

5 

46. The construct of claim 1 , capable of binding to the scavenger receptor type B1 . 

47. The construct of claim 1, causing substantially no Immunoresponse in humans. 

10 48. The construct of claim 1, wherein the nucleic add sequence comprises a DNA, a 
RNA, a PNA, or a LNA sequence. 
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49. Nucleic acid comprising a sequence of nucleotides encoding an apolipoprotein 
construct as defined in claim 1 to 48. 

5 50. The nucleic add of claim 49, wherein the encoding sequence is operably linked 
to a regulatory sequence for expression of the protein construct. 

51. A vector comprising the nucleic acid of the claims 49 or 50. 

10 52. A transformed host cell, comprising a nucleic acid sequence as defined in the 
claims 49 or 50. 

53. A method for the production of an apolipoprotein construct as defined in the 
claims 1-48, comprising the steps of: 



15 



20 



25 



30 



- culturing a transformed host oell under conditions promoting the expression of a 
protein construct according to claims 1 to 48, 

- obtaining and recovering said protein construct, 

- optionally, further processing said protein construct. 

54. A method for the production of an apolipoprotein construct as defined in the 
claims 1-48, comprising the steps of: 

- chemically synthesizing at least one oligomerislng module, and subsequently 

- linking said module to at least one apolipoprotein, an apolipoprotein analogue or 
an apolipoprotein variant, 



- obtaining an apolipoprotein construct, 

- Isolating the resulting apolipoprotein construct, 
35 * optionally, further processing said construct 
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55. A method for the production of an apolipoprotein construct as defined in the 
claims 1-48, comprising the steps of: 

5 - culturtng a transformed host cell under conditions promoting the expression of 
an apolipoprotefn or an apolipoprotein analogue or an apolipoprotein variant 
encoded by a nucleic acid fragment, and subsequently 

- covalently linking said apolipoprotein or apolipoprotein analogue or 
10 apolipoprotein variant to a heterologous moiety. 

- obtaining an apolipoprotein construct, 

- isolating the resulting apolipoprotein construct, 

- optionally, further processing said construct. 



15 



20 



56. A method for the production of an apolipoprotein construct as defined in the 
claims 1-48, comprising the steps of: 

- culturing a transformed host cell under conditions promoting the expression of a 
oligomerising module encoded by a nucleic add fragment, and subsequently 

- covalent linking said module to at least one apolipoprotein, an apolipoprotein 
25 analogue or an apolipoprotein variant, 

- obtaining an apolipoprotein construct, 

- Isolating the resulting apolipoprotein construct, 

30 

- optionally, further processing said construct. 

57. A pharmaceutical composition, comprising the apolipoprotein construct as 
defined in the claims 1-48. 

35 
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58. The pharmaceutical composition of claim 57 adapted to be injected. 

59. Use of an apolipoprotein construct as defined in the claims 1-48. 

5 60. Use of an apolipoprotein construct as defined in the claims 1 to 48 for the 
preparation of a pharmaceutical composition. 

61. The use of claim 60, wherein the pharmaceutical composition further comprises 
pharmaceutical acceptable excipients, adjuvants, additives, such as 

1 0 phospholipids, cholesterol, or triglycerides. 

62. The use of claim 60, wherein the pharmaceutical composition Is administered 
Intravenously. Intraarterial^, intramusculary, transdermal)^ pulmonary, 
subcutaneously, Intradermal^, intratechally, through the buccal-, anal-, vaginal-, 

15 conjunctival-, or intranasal tissue, or by inoculation into tissue, such as tumour 

tissue, or by an Implant, or orally. 

63. The use of claim 60. comprising administering to an Individual a composition 
comprising at least 50 mg apolipoprotein construct per week. 

20 

64. The use of claim 60, comprising administering to an individual a composition 
comprising at least at least 100 mg/week, for example at least 250 mgAweek, 
such as at least 500 mg/week, for example at least 750 mg/week such as at 
least 1000 mg/week, for example at least 1250 mg/week, such as at least 1500 

25 mg/week, for example at least 2000 mg/week, such as at least 2500 mg/week, 

for example at least 5000 mg/week. 

65. The use of claim 60. comprising administering a dose of a pharmaceutical 
composition once a week. 

30 

66. The use of claim 60, comprising administering a dose of a pharmaceutical 
composition once every second week, or once every third week, or once every 
fourth week. 

35 67. The use of claim 60, for the treatment and/or prevention of aterosclerosls. 
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68. The use of claim 60, in the treatment of neutralising end toxins. 

69. The use of claim 60, in the treatment of angina pectoris. 

70. The use of claim 60. in the treatment of daudicatio. 

71. Use of the nudeic add sequence as denned in the daims 49 to 50 for gene 
therapy, wherein the DNA sequence encoding said apolipoprotein construct fe 
used for transfection or infection of at least one cell population. 

72. The use of claim 71, wherein the at least one cell population comprises 
macrophages. 

15 73. The use of dalm 71, wherein the at least one cel. population comprises liver 
cells. 



10 
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M FLKAV^TL AL VAVAGARAE VSAPQVATVMWD Y FSQLSNNA 60 
MFLKAWLTLALVAVTGARAEVS ADQVATVMWDYFSQLSSNAKEAVEHLQKSELTQQI-NA 6 0 
MFLKAAVLTIJUtfAITGTRAEVTSDQV^^ 60 

GARKEVSAI3QVATVMWT)YFSQLSSNAX£AVEHLQKSELTQQLNR 44 

MFLKAWLSIALVAV7GABA£^ADOVATVWDYFSQIXSSNAKKAVEHLQKSELTQQLNT 60 
HFLKAVVXTVALVAITGTQAEVTSDQVANV^ 60 
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LFQDKLGE VNTYAGDLQKKLVp FATELHERLAKD SEKLKEfi I GKELEE LRARLLPHANEV 120 
LF0DlOGEWTyAGDI.QKKLVPFATELHERLAKDSEKLK££IRKELEEVRARLLPHANEV 120 
LFQDKIX;DA5TYADC^HNKLVPFWQLSGHIJ^£TERVKEEIKKEL£DLRDRMMPHASKV 12C 
LFQDKLGEVNTYAGDLQlOaVPFATELHERLAKDSKKLKEEIRKELEEVRARLLPHANEV 104 
LFQDKLCEVNTYTED^QKKLVPFATELHERLTKDSEKLKEEIBRELEELRARLLPHATEV 120 
LFQDKLCNINTYADDI^NKIVPFAVQLSGHLTKETERVREEXOKELEDLRANMMPHANKV 120 
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SQKIGDNLRELQQRLEPYADQLRTQVNTQAEQLRRpLTPYAQRMERVLRENADSLQASLR 180 
S QKIGENVRELQQR1.EP TfTDQLRTQVNTQTEQLRRQLJ PYAQRMERVLRENADSI*QTSLR 190 
TQT FGENMQKLQEHLKP YAVDlfQDQINTQTQE^LQLT PV IQRMQTTIKENVDNLHTSMM 180 
SQKIGENVREI^QRI£^YTDQLRTQVKTgTEQLRROLTPyAQRMERVLRENADSLQTSLR 1 64 
SOKIGDNVRELQORLGPFTGGLRTQVNTQVQQLQROXJCP YAERMESVLRQNIRNLEAS VA 180 
S QMFGDtlVQKLQEHLRPYAT DLC^QTNAQTQDMXRQLTPYIQRMQff TIQD>^NI*QS SMV 180 
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PHADE LKAXI DQN VEELKGRLT PYADE FRVKIDQTVEELRRS LAPYAQ DTQEKIiNHQLEG 240 
PHA DQLKAKI DQ^ VEELKERLTPYADEFKVKIDQT VEELRRSLAPYAQCAQEKL13HQLEG 240 
PIATNLKDKFNRNMEELKGHLTPRANELKATXDCNLEDliRRSLAPLTVGVQEKLNHQMEG 240 
PHADQIJCARIDQNVEELKGRLT?yADEFK\/KIDQTVEELRR5LAPYAQDAQEKLNHQLEG 224 
PYAEEFKAKIDQNVEELKGSLTPYAEELKAKIDQNVEELRRSLAPYAQDVQEKLNHQLBG 240 
PFANELKfiKFNQNMEGLKGQLTPRANELKAT IDQNLEDLRSRLAPIAEGVQEKLN HQMEG 240 
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IAFQMKKNAEEI^KVSAKIDQLQKNIAFLVEDVQSK^ 300 
LAFQMKKHAEELKARI 5ASAEELRQRLAPIAEDMRGWLRGHTEGL0KSLAELGGHLDRHV % B 1 
LAFQMKKQAEELKAKlSANADELRQKLVpVAENVRGHLKGhlTEGlQKSLLELRSHLDQQV 300 
LAHQMKKMAEELQTXVSTN I DQLQKNLAFLVEDVQ S KI.KGNTEGLQICSLE D DQQV 3 C 0 
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EiFRLKVEPYGETFNKALVQQVEDLRQKLGPIAGDVEGHLSFLEKDLRDKVNTFFSTLKE 3 60 
EVFRRAVEPLGDKFNMAI.VQQMEKFRQQLGSDSGDVESHI.SFLEKNLREKVS SFrfSTLQK 3 60 
* ** *** *. ** *****-+-*+.*+ .*.** ******* **.** 



sp t P06727 ! APA4_HVMAN 
sp | P33621 ] APA4JMACFA 
sp | P06726 I APA4_MODSE 
sp 1 Q287 58 | APA4_PAPAN 
sp 1 04 64 09 I A?A4~FIG 
sp [ P02651 | APA4 — RAT 
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EASQGQSQALPAQ EKAQ . 377 
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pT7 BGtfbiPk Apo Ai 

1T"7 promoter, !(■'%, Ubicfuirin *ad Apo Al; 

DBR32B- t Pvuil \ -GATCTCGRTCCCGCGA ^TTAATACCATACACTATAGSGAgAC CACAACGGTTTCCCTCTAGAAAT^TTTTGTTTAACTTT 

T7 promoter 

MG»«HBKHH5»QIPVKTI.TCKT1TL 
A AGRBGG AGA T AT AC AT ATGG GATC G .- " T< :M'< :^T^:*.i.:0? i TC:hCGGATCRCAGATCTTTGTCAAGaCCCTCACTGGCAAAACC^TCACCCTTC 
Nde I 

KvttFSDT7Rl«VtCAX7QDX&GIFF-DQQEtLXFA 
$.GGTCG&GCC: r: AGTGAC AC C ATTCA GAAT 3T r AAAGCC AAAATTCAACAC A AGO AGGGTATC CCACCTC ACC AGCAGCGTCT(»ATAl"ri*GC CG 

GCAAaCAGCTSCAASATG&ACGTACTT^^ 

Bam HI 

rm.>t v^i-rAffi^GGnasAg^ tgaa eccececs gmgcccctggga tegagcga jgga cctggccac tgtg tacgtgga tgtgctca s 5 ga cagcggc* ga gac 

£dtgtgtcccag£ttgA0ggcE;ccgccci:g<rg«da«cagct«flAcet^jgctcci;cgAcaictgggdCjgcrgtgdcct'ccdccrtca yc^^yctg 

cgcgo0c«gctcggccc:Cgi;g<9cccagg*gt£ctgggatdA<;ctg94Jddgg»gac«g9gggcctg£ggcd^gdgd zgagcaaggazotqgagqag 

RRQZGPVTQSrWDNL&KETEGlHQSMSXDLBE 
gtgaa ggc ca&ggtgc* gceeza cc t gga cga ctt ccagi a gut gtggca gga gga ga t gga gc t c Cdccgc gaaggz gga ?cc gc t gcgcgca 

v/cAxvopyLPPFpffKwossjfsi.y/ipKvrpz,** 
gagct cca a ga gggcgcgcgcca ga m get gen cgagct gca a gaga a getga gece* ct gggega gga ga zgege ga cegcgcgpgcgc cc a tgtg 

ELQgGAXQKLtiSZQKKLSPLGEBMRDRAFAHV 
ga cgege t gege* egea t c tggccecc taca gega cga gctgcgccmgegcttggc cgcgegccttgaggctctcaagga gma cggcggcgcca ga 

DA IRTBLAPYSDEZRQXLAARLZAIKEVGGAP. 
c tggcega gtacco CgccaagQCcaccgagca tctga gcacgctca gega gaaggccaagcccgcgotcgagga catccgccaaggcctgc tgece 

lAEYHAKATBBLSTZ,SEKAKFAlEDLJiQGlLP 
otgctooaoaQCtriCJaqgtcjgcttcctgagcgctctcoaoo^ 

VbESFKVSFLSAlBEYTKKLNTQ STOP Sph I Hind III Eco RI 

GGCT GCTAAC AAAGCCCG AAAGG AAGCTGAGTI GGCTGCCTGCCACCGCT GAGCTGAGCAAT AACT AGCATAACCCCTCTG 
CCACCGCTGTCGGCCCTCTAAACGGGTCTTGAGCGGTTTTTTGCTCAAAGGAGGAACTATATCCGAT- (EcoRV) -pBR3ZB . 
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FIGURE 6 

11 proaw&tar, HS, Uljiquitin unfll Apo Al: 

p?R328- ( Fvul I \ -CATCTCGRTCCCCCGAA XTTAAT ACCAy RCRCTXTAGCGACA CCKCRACGGTT TCCCTCtf AflAAAT AXTTTTGT TT ftACT TT 

T7 promoter 

MCSflUUHKKCSQirvRTLTGKTl'l'L 
AAGAAGCAGATATA gATATGQ GATCGi A'f • ■ WAT* -AC; AT ;ai GGatCaC ACATCTTTCiTGWVCACcCTCACTGGCAAAACCPTCrtCCCTTG 
Nde X 

15V«rSDTTC1SVKAKlQnUBQIP?DCQALirA 
AGGrCGAGCCCAGTGAC>XCATTGAG;&TGTCAnAGCCA^ 

GKQLEOGBTL50YHIQK£STLHI.VLRL&GG3 
GCAAACAGCTCGAACATCG&CGTACTTTGtfCl'G^ 



Bam HI 

?*;: ,\: v •;.*/-•*. C5GTGGRTG7gBtgaAcccccccftgagcccctgggatC9agCga&gg*cctggcc»ctgtgtccQtgqfttgt9ctcasagac*gcggcayagac 
I u P G 0 C D C PPQSPWDHVKDLAT^YVDVLKDSGRD 

T:<JtgxgTcccagtttgsoggctccgccxtgg9*»»acagct*aecctaaagctcettg*c»actgggacagc:gtgacctccaccttcagca»gctff 

YVSQriEGSALGKQLNl.XLI.DFWDaVTSTFSKL 
cgcgaacagc;tcggccctqtgaccc»ggagttcrtgggal:aaccT:ggaaaagg»gacagagggcctgaggcaggagatgagcaaggatctggaggag 

PKQLGfrVTQEFWDNLEKETEGlRQEMSKDLEC 
gtgaaggccadggcgcagccctacctggocgactuccagaagaagtflgcaggaggagatggagctctaccgccagaaggtggagccgctgcgcgca 

VKAKVQPYLDDrOKKWQEEMELYRQKVEPLRA 
gagctccaagagggcgcgcgccagoagctgcacgagctgcaagagaagctgageccacxgggcgaggagatgcgcgaccgcgcgcgcgcccatgtg 

ELQEGARQKI.HELQEKI.5PLGEEMRt)RARAHV 
gacgcgctgcgcacgctitctggccccccacagcgacgagctycgCciigcgcCtgcfCcgcgcgccttgaggctctcflaggagAacggcggccfccaga 

DA LRTHLAPYSD'El.RQRLAARLSiALXttfGGAR 
ctggccgagtacc4cgccaaggccaccgaffc«tctgB7C«tf:0cccAgcga«r»aggcc«agcccgcgctcgu9gaccLccgccaaggcc^9Cxgccc 

LAEYHAKATKHLSTLSEKAKPALEDLftOGiLLP 
Qtgcl'agagagc^tcaagqrcagcttcctq66CCctctcgagqBqt»c*cxm>qa>gctcAftcacccaqT?A GCATGCAAgCTT&^t'rc CGATCC 

VLESFKVSrr-5ALBEYTKKIiSTQ STOP Sph I Hi fid III Eco RI 

GGCTGCTaACAAAGCCCGAAAC^AAGCTGAGTTGGC^ 

CCACCGCTGTGGGGCCTCTAAACGGGTCTTGAGGTCTTTTl^GCa^AAACCAGCAACTATATCCGAT- (EcoRV) ~pBA328 . 
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FIGURE 9 

pT7 H60b±Fx Cys-Apo Al 

T7 promoter, US, Ubiquitin and Apo Al : 

*pBR325- [ Virull ) -GATCTCGATCCCSCGAA ATTAATACGATACAC^^ 

t7 promoter 

M<5SII^i[fTMHCSCTrVKTI. TCKTITX 
AAGAAGGAGATATACATATGGGATCG'V- i * ; v ! ' : aTC>X'.CATCT\CG5ATCRCXCATC7TT07GiAJV<SaCC 2TCACTGCCAAAAC CATC ACCCTTG 
Hd« I 

EVEPSDTffiWVKAKtO&KBCrlPPDQORliXFA 

AGGTCSAGCCCAGrGACACCATTGAGAATOrc 

G K 0 L ' E H Ci W. T LS DYK I Q £ G 5 TLRLVL RLRCGS 
GC A AAf! AGCT6G AAGA7GG ACGT AC TPVCTCTC AC ?AC A?.TArj , CAAAACCaCTCTACTCTT( % >TCTTGTGTTGASACTT CGTGST SG Al*CC A 

Bam HI 

'^■-.ia^.VUV^GTGGATC 

rfcO RCGCDEPPOSPHpnVKDLATVYVDVLKDSGRD 
tstotgtcccagtrtgaaggctccgccltgggaatacagctasacc^aAagctccttgsLCoactggyacagcgtgMcctccoccttcdgcaagccg 

yvSQFEG3ALGKQJ.WLKLLD»WDSVT5TPSKI, 
cgcgaacsgctcggccctgtgacccaggagttctgggaCaaccxggaaaaggagacagAgggccrgaggcaggagatgagcaaggaCctggaggag 

KEOLOPVTQE FTfPHLEKETEGLRQBMS K D L E E 
gcgaaggccaaggtgcagccccacccggacgacttccagaagaagTggcaggaggogatggagctctKccgccAgAaggtggagccgcrgcgcgca 

VKAKVQFVLDDrQKKWQEENELYRQKVEPLRA 
gagctccBagagggcgcgcgccagaagctgcacgbgct.gcaagagaagctgagcec&ctgggcgaggagatgcgcgaccgcgcgcgcgcccatgtg 

ELQfiGARQICLrtELQEKLSPLCEEHflDRARARV 
gacgcgctgcgcacgcatctggccccctaeagcgacgagctgcgccagcgcctggccgcgcgccttgaggctctcaaggagaacggcggcgccaga 

0RX<ftTHLRVY3Dl!Xi«QKLAARl.EALK'EKGGAR 
ctggccg&gtACcacgccaaggccBccgagcatctgagcacgctcogcgagaaggccaagcccgcgctcgaggaccrccgccaaggcctgctgccc 

lAEYHAKATEHLSTLSEKAKPALEDLRQGlLP 
qtCfctgqagaqcriicaiqqtcaqcttcctqagcqc^ctcqflqqaqtacacT:^^ 

VLBSPKVSFLSAJ-fiEYTKri.NTQ STOP Sph I Hind IZI Eco RI 

CGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCCTGC^ 

C CACCGCTGTGGGGCCTC TAAACGGGTC TTG AG GGGTTTTTTGCTGAAAG GAGG AACTAT ATCCGAT - (EeoRV) -pBR32B . 
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SEQUENCE LISTING 

<110> ProteoPharma ApS 

<120> Apolipoprotein 

<130> Apolipoprotein 

<140> 
<141> 

<160> 4 

<170> Patentln Vor. 2.1 

<210> 1 
<211> 243 
<212> PRT 

<213> Homo sapiens 

<400> 1 

Asp Glu Pro Pro Gin Ser Pro Trp Asp Arg Val Lys Asp Leu Ala Thr 
15 10 15 

Val Tyr Val Asp V»l Leu Lys Asp Ser Gly Arg Asp Tyr Val Ser Gin 
20 25 30 

Phe Glu Gly Ser Ala Lou Gly Lys Gin Leu Asn £eu Lys Leu Leu Asp 
35 40 45 

Asn Trp Asp Ser Val Thr Sox Thr Phe Ser Lys Leu Arg Glu Gin Leu 
50 55 60 

Gly Pro Val Thr Gin Glu Phe Trp Asp Asn Leu Glu Lys Glu Thr Glu 
65 70 75 B0 

Gly Leu Arg Gin Glu Met Ser Lys Asp Leu Glu Glu Val Lys Ala Lys 
85 90 95 

Val Gin Pro Tyr Leu Asp Asp Phe Gin Lys Lys Trp Gin Glu Glu Met 
100 105 110 

Glu Leu Tyr Arg Gin Lys Val Glu Pro Leu Arg Ala Glu L«u Gin Glu 
115 120 125 

Gly Ala Arg Gin Lys Leu Els Glu Leu Gin Glu Lys Leu Ser Pro Leu 
130 135 140 



1 
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Gly Glu Glu Met Arg Asp Arg Ala Arg Ala His Val Asp Ala Leu Arg 
145 150 155 160 

Thr His Leu Ala Pro Tyr Ser Asp Glu Leu Arg Gin Arg Leu Ala Ala 
165 170 175 

Arg Leu Glu Ala Leu Lya Glu Asn Gly Gly Ala Arg Leu Ala Glu Tyr 
180 1B5 190 

His Ala Lys Ala Thr Glu His Leu Ser Thr Leu Ser Glii Lya Ala Lys 
195 200 205 

Pro Ala Leu Glu Asp Leu Arg Gin Gly Leu Leu Pro Val Leu Glu Ser 
210 215 220 

Phe Lys Val Ser Phe Leu Ser Ala Leu Glu Glu Tyr Thr Lys Lys Leu 
225 230 235 240 



Asn Thr Gin 



<210> 2 

<211> 244 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Cys Asp Glu Pro Pro Gin Ser Pro Trp Asp Arg Val Lys Asp Leu Ala 
15 10 15 

Thr Val Tyr Val Aap Val Leu Lya Asp Ser Gly Arg Asp Tyr Val Ser 
20 25 30 

Gin Phe Glu Gly Ser Ala Leu Gly Lya Gin Leu Asn Leu Lys Leu Leu 
35 40 45 

Asp Asn Trp Asp Ser Val Thr Ser Thr Phe Ser Lys Leu Arg Glu Gin 
50 55 60 

Leu Gly Pro Val Thr Gin Glu Phe Trp Asp Asn Leu Glu Lys Glu Thr 
65 70 75 80 

Glu Gly Leu Arg Gin Glu Met Ser Lys Asp Leu Glu Glu Val Lys Ala 
85 90 95 

Lys val Gin Pro Tyr Leu Asp Asp Phe Gin Lys Lys Trp Gin Glu Glu 
100 105 110 
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Met Glu Leu Tyr Arg Gin Lys Val Glu Pro Leu Arg Ala Glu Leu Gin 
115 120 125 

Glu Gly Ala Arc Gin Lys Leu His Glu Leu Gin Glu Lys Leu Ser Pro 
130 135 140 

Leu Gly Glu Glu Met Arg Asp Arg Ala Arg Ala His Val Asp Ala Leu 
145 150 155 160 

Arg Thr His Leu Ala Pro Tyr Ser Asp Glu Leu Arg Gin Arg Leu Ala 
165 170 175 

Ala Arg Leu Glu Ala Leu Lys Glu Asn Gly Gly Ala Arg Leu Ala Glu 
180 185 190 

Tyr His Ala Lys Ala Thr Glu His Leu Ser Thr Leu Ser Glu Lys Ala 
195 20D 205 

Lys Pro Ala Leu Glu Asp Leu Arg Gin Gly Leu Leu Pro Val Leu Glu 
210 215 220 

Ser Phe Lys v a i Ser Phe Leu Ser Ala Leu Glu Glu Tyr Thr Lys Lys 
223 230 235 240 



Leu Asn Thr Gin 



<210> 3 
<:211> 301 
<212> PRT 

<213> Homo sapiens 
<400> 3 

Ser Pro Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys He Val Asn 
1 5 10 15 

Ala Lys Lys Asp Val Val Asn Thr Lys Met Phe Glu Glu Leu Lys Ser 
20 25 30 

Arg Leu Asp Thr Leu Ala Gin Glu Val Ala Leu Leu Lys Glu Gin Gin 
35 40 45 

Ala Leu Gin Thr Val Ser Leu Lys Gly Ser Asp Glu Pro Pro Gin Ser 
50 55 60 

Pro Trp Asp Arg Val Lys Asp Leu Ala Thr v a l Tyr Val Asp Val Leu 

3 
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65 70 75 80 

Lys Asp Ser Gly Arg Asp Tyr Val Ser Gin Phe Glu Gly Ser Ala Leu 
85 90 95 

Gly Lys Gin Leu Asn Leu Lys Leu Leu Asp Asn Trp Asp Ser v*l Thr 
100 105 110 

Ser Thr Phe Ser Lys Leu Arg Glu Gin Leu Gly Pro Val Thr Gin Glu 
115 120 125 

Phe Trp Asp Asn Leu Glu Lys Glu Thr Glu Gly Leu Arg Gin Glu Met 
130 133 140 

Ser Lys Asp Leu Glu Glu Val Lys Ala Lys Val Gin Pro Tyr Leu Asp 
145 150 155 160 

A 5 p Phe Gin Lys Lys Trp Gin Glu Glu Met Glu Leu Tyr Arg Gin Lys 
165 170 175 

Val Glu Pro Leu Arg Ala Glu Leu Gin Glu Gly Ala Arg Gin Lys Leu 
190 185 190 

His Glu Lou Gin Glu Lys Leu Ser Pro Leu Gly Glu Glu Met Arg Asp 
195 200 205 

Arg Ala Arg Ala His Val Asp Ala Leu Arg Thr His Leu Ala Pro Tyr 
210 215 220 

Ser Asp Glu Leu Arg Gin Arg Leu Ala Ala Arg Leu Glu Ala Leu Lys 
225 230 235 240 

Glu Asn Gly Gly Ala Arg Leu Ala Glu Tyr His Ala Lys Ala Thr Glu 
245 250 255 

His Leu Ser Thr Leu Ser Glu Lys Ala Lys Pro Ala Leu Glu Asp Leu 
260 265 270 

Arg Gin Gly Leu Leu Pro Val Leu Glu Ser Phe Lys Val Ser Phe Leu 
275 2B0 295 

Ser Ala Leu Blu Glu Tyr Thr Lys Lys Leu Asn Thr Gin 
290 295 300 



<210> 4 
<211> 258 
<212> PRT 
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<;213> Hono sapiens 
<400> 4 

Ser Pro Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys He Val Asn 
15 io 15 

Ala Lys Lys Asp Val Val Asn Thr Lys Met Phe Glu Glu Leu Lys Ser 
20 25 30 

Arg Leu Asp Thr Leu Ala Gin Glu v a i Ala Leu Leu Lys Glu Gin Gin 
35 40 45 

Ala Leu Gin Thr v a l Ser Leu Lys Gly Ser Leu Lys Leu Leu Asp Asn 
50 55 60 

Trp Asp Ser Val Thr Ser Thr Phe Ser Lys Leu Arg Glu Gin Leu Gly 
65 70 75 B0 

Pro Val Thr Gin Glu Phe Trp Asp Asn Leu Glu Lys Glu Thr Glu Gly 
85 go 9$ 

Leu Arg Gin Glu Met Ser Lys Asp Leu Glu Glu Val Lys Ala Lys Val 
100 105 HO 

Gin Pro Tyr Leu Asp Asp Phe Gin Lys Lys Trp Gin Glu Glu Het Glu 
115 120 125 

Leu Tyr Arg Gin Lys Val Glu Pro Leu Arg Ala Glu Leu Gin Glu Gly 
13° 135 140 

Ala Arg Gin Lys Leu His Glu Leu Gin Glu Lys Leu Ser Pro Leu Gly 
145 150 155 160 

Glu Glu Met Arg Asp Arg Ala Arg Ala His Val Asp Ala Leu Arg Thr 
165 170 175 

His Leu Ala Pro Tyr Ser Asp Glu Leu Arg Gin Arg Leu Ala Ala Arg 
180 185 190 

Leu Glu Ala Leu Lys Glu Asn Gly Gly Ala Arg Leu Ala Glu Tyr His 
195 200 205 

Ala Lys Ala Thr Glu His Leu Ser Thr Leu Ser Glu Lys Ala Lys Pro 
210 215 220 

Ala Leu Glu Asp Leu Arg Gin Gly Leu Leu Pro Val Leu Glu Ser Phe 
225 230 235 240 
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Lys Val Ser ?he Leu Ser Ala Leu Glu Glu Tyr Thr Lys Lys Leu Asn 
245 250 255 

Thr Gin 
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Apollpoprotein analogues 

The invention relates to an apoiipoproteln construct, a nucleic add sequence 
encoding the apoiipoproteln construct, a vector comprising the nucleic acid 
5 sequence, a method for producing the apoiipoproteln construct, a pharmaceutical 
composition comprising the apoiipoproteln construct, and use of the apoiipoproteln 
construct for the preparation of a pharmaceutical composition. 

Prior art 

10 

In the following, the term Apo A or apoiipoproteln A will be used to designate any of 
the three apolipoproteins, Apollpoprotein A I, Apolipoprotein A II, or Apoiipoproteln A 
III. 

15 Atherosclerosis Is the most frequent cause of death in the industrialised countries of 
the World. One of the pathogenic factors causing atherosclerosis is the deposition of 
cholesterol fn the blood vessels, which ultimately leads to clogging of the vessels. 

Apolipoprotein A-1 (apo-A-1) is the main component of plasma HDL (high density 
20 lipoprotein), which is negatively correlated to the presenoe of arterosderosis. There 
Is strong experimental evidence that this effect Is caused by so-called reverse 
cholesterol transport from peripheral tissues to the Itver. There is also experimental 
evidence that this reverse cholesterol transport can be stimulated in mammals by 
injection of apo-A-1, 

25 

Apolipoprotein A is to a large extent removed from plasma by filtration in the kidneys 
without being broken down first The short plasma half-life of apolipoprotein A is a 
constraint against using the protein in the treatment of atherosclerosis. 

30 US 5,876,968 (SIRTORI ET AL) concerns substantially pure dimers of a variant of 
apo-A-1 called apolipoprotein A-1-Milano. Medicaments containing the dimer can be 
used for preventing thrombosis or they can be used as a prodrug for the monomer. 
A specific feature of this particular variant of apo-A-1 is its ability to form covalent 
dimers with itself. The authors found that the purified dimer Apo Arl-M/Apo A-l-M 

35 has a prolonged plasma half-life compared to the monomer Apo A-l-M. 
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US 5,643 J57 (SHA-IL ET AL) discloses a method for the production of pure, 
stable, mature and biologically active human apollpoprotein A-l in high yield. 

5 US 5,990,081 (AG ELAND ET AL.) discloses a method for treatment of 
arterosclerosis or cardiovascular diseases by administering a therapeutically 
effective amount of apoliproprotein A or apollpoprotein E, 

WO 96/37608 (RHOIME-POULENC ROHRER ET AL.) describes humane 
10 homologous dimers of apolipoprotein A-l variants comprising cystein in position 151. 
The presence of tha cystein residue In the amino add sequence allows the 
formation of dimers via disulphide bridges between the monomers. The reference 
furthermore discloses the corresponding nucleic acid sequences and vectors 
comprising these as well as pharmaceutical compositions comprising the variants 
1 5 and the use of these in gene therapy. 

Summary 

In a first aspect the Invention relates to an apolipoprotein construct having the 
20 general formula 

- apo-X. 

- where apo is an apollpoprotein component selected from the group consisting of 
apollpoprotein Al, apolipoprotein All, apolipoprotein AIV, an analogue or a 
variant thereof, 

25 - and X is a heterologous moiety comprising at least one compound selected from 
the group consisting of an amino add, a non-apolipoprotein peptide, an 
olfgomerisfng module, a carbohydrate, a nucleic acid sequence, a non- 
apolipoprotein protein, and an apolipoprotein selected from the group consisting 
of apolipoprotein Al, apolipoprotein All t apolipoprotein AIV, an analogue or a 

30 variant thereof, 

- with the proviso that when the construct consists of exactly two identical, native 
apolipoproteins these are linked serially. 

Throughout the invention the apolipoprotein component or part of the construct is 
35 referred to as apo or apolipoprotein. In the following and in the claims, the 
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heterologous moiety Is referred to as component X of the construct. The 
apolipoprotefn or analogue or variant thereof is linked covalentTy to the heterologous 
moiety. 

5 The component X of the construct may be looked broadly upon as a heterologous 
moiety. In this context a heterologous moiety Is any kind of moiety not being linked 
to apolipoprotein or analogue or variant or functional equivalent thereof under native 
conditions. The heterologous moiety may thus be a peptide or a protein or part of a 
peptide or protein from the same or from another species, or even a single amino 
10 add. it may be a synthetic peptide. It may be of carbohydrate nature or of other 
polymeric and biocompatible nature such as polyols, nucleic acids sequences. 

Functional equivalence to native apolipoprotein A-l. A-ll or A-LV may conveniently be 
measured using a lipid binding assay. The ability of the construct to elicit 
15 substantially the same physiological response In a mammal may conveniently be 
measured by measurement of the ability to perform reverse cholesterol transport in 
a test organism such as rabbits. 

The construct comprising apolipoprotein and a heterologous moiety is capable of 
20 performing reverse cholesterol transport as well as or even better than native 
apolipoprotelns, despite the modification caused by the addition of a heterologous 
moiety. The plasma half-life of the construct is preferably Increased compared to 
that of the wild-type apolipoprotein. Preferably the plasma half-life Is at least such as 
doubled or tripled, or at least quadrupled, or at least 10 doubled. Similarly, the 
25 binding affinity such as the lipid binding afflnfty, and/or the cholesterol binding affinity 
of the construct is preferably increased as compared to wild-type apolipoprotein. 
Preferably, the lipid binding affinity Is Increased by at least 5 %, such as at least 10 
%, for example at least 15%, such as at least 20%, for example at least 25%, such 
as at least 30%. for example at least 40% such as at least 50%, for example at least 
30 75%, such as at least 100%, such as at least 150%, for example at least 200%, 
such as at least 300%. 

An increased plasma half-time and/or Increased lipid binding affinity have profound 
Implications for the use of the apolipoprotein constructs In the treatment of 
15 arterosclerosis. It is therefore expected that the clinical effect of the apolipoprotein 
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constructs according to the invention Is sup rior to the effect of wild-type 
apollpoproteins. 

The invention also encompasses analogues or variants of the wild-type apoproteins 
5 capable of eliciting substantially the same physiological response In a mammal. 

According to a second aspect of the invention, there Is provided a nucleotide 
sequence encoding an apolipoprotein construct as defined above. Preferably the 
nucleotide sequence Is operably linked to a regulatory sequence for expression of 
10 the protein construct 

According to further aspects of the invention, there Is provided a vector comprising 
the nucleotide sequence encoding the apolipoprotein construct and a transformed 
host cell comprising the nucleotide sequence as defined above. 

15 

The apolipoprotein construct according to the Invention may be produced by 
different methods. 

According to a first method a transformed host cell is cultured under conditions 
20 promoting the expression of a protein construct according to the invention encoded 
by DNA inserted Into a construct, obtaining and recovering the protein construct and 
optionally further processing the protein construct 

This method is the preferred method when the whole construct is of polypeptide 
25 nature and thus can be encoded by one corresponding nucleic acid sequence. 

According to a second method the apolipoprotein construct can be manufactured by 
chemically syntheslslng the heterologous moiety and subsequently linking it to the 
apolipoprotein or analogue obtaining an apolipoprotein construct, which is isolated 
30 and optionally processed further. This method is the preferred method, when the 
heterologous moiety is of non-peptide nature. However there may also be conditions 
under which it is preferred to syntheslse the heterologous moiety chemically, when it 
Is of polypeptide nature. Such conditions may be that the heterologous moiety is 
rather short such as below 20 amino acids. 

35 
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According to a third method the apolipoprotein construct can be manufactured by 
cutturlng a transformed host eel! under conditions promoting the expression of an 
apolipoprotein or an apollpoproteln analogue encoded by a nucleic acid fragment 
and subsequently covalently linking the apolipoprotein or apolipoprotein analogue to 
5 a heterologous moiety obtaining an apolipoprotein construct, isolating the resulting 
apolipoprotein construct and optionally further processing the construct 

Finally, the apolipoprotein construct may be produced by culturing a transformed 
host cell under conditions promoting the expression of a protein encoded by a 
10 nucleic acid fragment encoding an oiigomerising module and subsequently linking 
said module to at least one apolipoprotein obtaining an apolipoprotein construct. 

According to a further aspect of the Invention there is provided a pharmaceutical 
composition comprising the apolipoprotein construct as described above. Preferably 
15 the pharmaceutical composition is capable of being administered parenteral^ such 
as through injection. 

The Invention also encompasses the use of an apolipoprotein construct as defined 
above for the preparation of a pharmaceutical composition. The pharmaceutical 
20 composition may further comprise pharmaceutical acceptable exclplents, adjuvants, 
additives, such as lipids, phospholipids, cholesterol, or triglycerides. 

The pharmaceutical composition may be administered intravenously, intraarterialiy, 
intramusculary, transdermal^, pulmonary, subcutaneously, intradermaHy, 
25 intratechalty, through the buccal-, anal-, vaginal-, conjunctival-, or intranasal tissue, 
or by Inoculation into tissue, such as tumour tissue, or by an implant, or orally. 

Preferably the pharmaceutical composition is used for the treatment and/or 
prevention of aterosclerose, angina pectoris, claudfeatio, or in the treatment of 
30 neutralising endotoxins. The apolipoprotein construct as defined above may also be 
used for gene therapy, wherein the DNA sequence encoding the apolipoprotein 
construct Is used for transfecUon or Infection of at least one cell population. 

Detailed description of the invention 

35 
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In the following the Invention will be described In detail with reference to the 
following figures. 

Figure 1 shows the amino acid sequence (in one letter code) of human 
5 apolipoprotein A-L 

Figure 2 shows aligned amino acid sequences (in one letter code) for human, 
macaque, mouse, baboon, pig, and rat apolipoprotein A-fV. 

10 Figure 3: Amino acid sequence of the amino terminal region of tetranectin. Amfno 
acid sequence (in one letter code) from El to L51 of tetranectin. Exon 1 comprises 
residues EI to D16 and exon 2 residues V17 to V49, respectively. The alpha helix 
extends beyond L51 to K52 which is the C-terminal amino acid residue In the alpha 
helix. 

15 

Figure 4 shows an alignment of the amino acid sequences of the trimertelng 
structural element of the tetranectin protein family. Amino acid sequences (one letter 
code) corresponding to residue V17 to K52 comprising exon 2 and the first three 
residues of exon 3 of human tetranectin; murine tetranectin (Sorensen et al. p Gene, 

20 152: 243 -245, ig95); tetranectin homologous protein isolated from reefshark 
cartilage (Neame and Boynton, 1992,1996); and tetranectin homologous protein 
Isolated from bovine cartilage (Neame and Boynton, database accession number 
PATCHX:u22298). Residues at a and d positions In the heptad repeats are listed in 
boldface. The listed consensus sequence of the tetranectin protein family trimerislng 

25 structural element comprise the residues present at a and d positions In the heptad 
repeats shown in the figure in addition to the other conserved residues of the region, 
"hy" denotes an aliphatic hydrophobic residue. 

Figure 5 shows the pT7 H6L)bFx Apo A-i plasmkf and its corresponding amino add 
30 sequences. The expressed and purified polypeptide (SEQ ID NO 1) consists of 
amino adds no 25-267 from human Apo A-I. 

Figure 6 shows the pT7 HSUbiFx Cys-Apo A-I plasmid and its corresponding amino 
acid sequences for. The expressed polypeptide (SEQ ID NO 2) consfsts of a N- 
35 terminal cystein residue and the amino acids no 25-267 from human Apo A-I. 
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Figure 7 shows the pT7H6 Trip-A-Apo A-l - Amp R ptesmid and its corresponding 
amino acid sequence. The expressed and purified polypeptide (SEQ ID NO 3) 
consists of the TTSE, a linking sequence, and amino acids no 25-267 from human 
5 Apo A-L 

Figure 8 shows the pT7H6 Trip-A-Apo A-l-del 43 - Amp R plasmld and Its 
corresponding amino acid sequence. The expressed and purified polypeptide (SEQ 
ID NO 4) consists of the TTSE, a linking sequence, and amino acids no 68-267 from 
10 human Apo A-l. 

Figure 9 shows the pT7H6FXCysApoAI plasmid and Its corresponding amino acid 
sequence. The expressed and purified polypeptide (SEQ ID NO 2) consists of a N- 
terminal cystein residue and the amino acids no 25-267 from human Apo A-l. 

15 

Detailed description of the Invention 

The functionality of the constructs according to the invention and of the apo 
components of the constructs can be measured by a lipid binding assay such as by 
20 the DPMC assay described below. Furthermore, the In vivo effect on reverse 
cholesterol transport may be measured by administration to test animals such as 
rabbits fed on a cholesterol rich diet such as the method disclosed in Miyazaki ot al 
(Arteriosclerosis, Thrombosis, and Vascular Biology. 1995; 15:1882-1888). 

25 Kinetics of association of the protein construct with dimvristovl phosphatidylcholine 
(PMFC ) 

The ability of the constructs according to the invention to bind to a lipid can 
conveniently be measured using a well known assay such as the association to 
30 dimyristoyl phosphatidylcholine (DPMC). 

The assay was conducted as described in (Pownall et al. Biochemistry, 1978, 17: 
83-89). Dried DPMC was suspended in 100 mM NaCI, 50 mM Tris-HCI pH 8 0 
above its transition temperature at a concentration of 1 mg/ml. The protein sample 
35 and the DMPC suspension was both preincubated at room temperature for 10 
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minutes, and then mixed at a ratio of DMPC:protein of 50:1. The reduction In 
turbidity of the mixture, reflecting increasing lipid-proteln association, was followed 
by measuring the absorbance of the mixture at 325 nm. The turbidity clearance 
curves were fitted to a double exponential equation, and t ia were determined. 

5 

The apolipoprotein or analogue 

In the following the term "apo" is used to designate any protein comprising 
apolipoprotein A-l, apolipoprotein A-il or apolipoprotein A-IV, any variant or 
1 0 analogue thereof possessing the same lipid binding function. 

Preferred apolipoprotein A-l analogues include those disclosed in Figures 5, 6, 7 
and 8 and listed as SEQ ID NO 1 , 2 f 3, and 4. 

15 Known variants of the sequences in Figure 1 Include the following variants, 
Indicating the position of the variation with respect to the sequence in Figure 1, the 
variation, and where appropriate the name of the known variant 

27 P-> H (IN MUNSTER-3C). 

27 P -> R. 

20 28 P -> R (IN MUNSTER-3B). 

34 R -> L (IN BALTIMORE). 

50 G -> R (IN IOWA). 

64 L-> R (IN AUTOSOMAL DOMINANT AMYLOIDOSIS). 

113 D->E. 

25 119 A->D(INHITA). 

127 D -> N (IN MUNSTER-3A). 

131 MISSING (IN MARBURG/MUNSTER-2). 

131 K->M. 

132 W -> R (IN TSUSHIMA). 
30 1 34 E -> K (IN FUKUOKA). 

160 E -> K (IN NORWAY). 

163 E->G. 

167 P->R(INGIESSEN). 

168 L-> R (IN ZARAGOZA). 
35 171 E->V. 
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189 P->R. 

197 R->C(INMILANO). 

222 E -> K (IN MUNSTER-4). 

5 According to the Invention the term "apolipoprotein" is meant to include functional 
equivalents of at least one sequence In Figure 1 and 2, or a fragment of at least one 
sequence in Figure 1 and 2, comprising a predetermined amino acid sequence, A 
"fragment* is defined as: 

10 i) fragments comprising an amino acid sequence capable of being recognised 
by an antibody also capable of recognising the predetermined amino acid 
sequences in Figure 1 or 2, and/or 

ii) fragments comprising an amino acid sequence capable of binding to a lipid 
15 (DPMC assay), which Is also capable of binding the predetermined amino 

acid sequences In Figure 1 or 2. 

According to the present invention a functional equivalent of an apolipoprotein or 
fragments thereof may be obtained by addition, substitution or deletion of at least 

20 one amino acid. When the amino add sequence comprises a substitution of one 
amino acid for another, such a substitution may be a conservative amino acid 
substitution. Fragments of the sequences in Figure 1 and 2 may comprise more than 
one such substitution, such as e.g. two conservative amino acid substitutions, for 
example three or four conservative amino acid substitutions, such as five or six 

25 conservative amino acid substitutions, for example seven or eight conservative 
amino acid substitutions, such as from 10 to 15 conservative amino acid 
substitutions, for example from 15 to 25 conservative amino acid substitution, such 
as from 25 to 75 conservative amino acid substitutions, for example from 75 to 125 
conservative amino add substitutions, such as from 125 to 175 conservative amino 

30 acid substitutions. Substitutions can be made within any one or more groups of 
predetermined amino acids. 

Examples of fragments comprising one or more conservative amino acid 
substitutions including one or more conservative amino ecfd substitutions within the 
35 same group of predetermined amino acids, or a plurality of conservative amino acid 
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substitutions, wherein each conservative substitution Is generated by substitution 
within a different group of predetermined amino adds. 

Accordingly, a variant of the sequences In Figure 1 or 2, or fragments thereof 
5 according to the Invention may comprise, within the same variant of the sequences 
In Figure 1 or 2, or fragments thereof or among different variant of the sequences In 
Figure 1 or 2, or fragments thereof, at least one substitution, such as a plurality of 
substitutions introduced independently of one another. Variants of the sequences in 
Figure 1 or 2. or fragments thereof may thus comprise conservative substitutions 

10 Independently of one another, wherein at least one glycine (Gly) of said variants of 
the sequences In Figure 1 or 2, or fragments thereof of the sequences in Figure 1 or 
2 is substituted with an amino acid selected from the group of amino acids 
consisting of Ala, Val, Leu, and He, and independently thereof, variants of the 
sequences in Figure 1 or 2, or fragments thereof, wherein at least one of said 

15 alanines (Ala) of said variant of the sequences in Figure 1 or 2, or fragments thereof 
is substituted with an amino add selected from the group of amino acids consisting 
of Gly, Val, Leu, and lie, and Independently thereof, variant of the sequences In 
Figure 1 or 2, or fragments thereof, wherein at least one valine (Val) of said variant 
of the sequences in Figure 1 or 2, or fragments thereof Is substituted with an amino 

20 acid selected from the group of amino acids consisting of Gly, Ala, Leu, and He, and 
Independently thereof, variants of the sequences in Figure 1 or 2 F or fragments 
thereof, wherein at least one of said leucines (Leu) of said variant of the sequences 
in Figure 1 or 2, or fragments thereof is substituted with an amino acid selected from 
the group of amino acids consisting of Gly, Ala, Val, and lie, and independently 

25 thereof, variants of the sequences in Figure 1 or 2, or fragments thereof, wherein at 
least one tsoleudne (lie) of said variants of the sequences In Figure 1 or 2, or 
fragments thereof is substituted with an amino acid selected from the group of 
amino acids consisting of Gly, Ala, Val and Leu, and independently thereof, variants 
of the sequences in Figure 1 or 2, or fragments thereof wherein at least one of said 

30 aspartic acids (Asp) of said variants of the sequences In Figure 1 or 2, or fragments 
thereof is substituted with an amino acid selected from the group of amino acids 
consisting of GIu, Asn, and Gin, and independently thereof, variants of the 
sequences In Figure 1 or 2, or fragments thereof, wherein at least one of said 
phenylalanines (Phe) of said variants of the sequences in Figure 1 or 2. or 

35 fragments thereof is substituted with an amino acid selected from the group of 
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amino adds consisting of Tyr, Tip, His, Pro, and preferably selected from the group 
of amino acids consisting of Tyr and Tip, and independently thereof, variants of the 
sequences in Figure 1 or 2, or fragments thereof, wherein at least one of said 
tyrosines (Tyr) of said variants of the sequences rn Figure 1 or 2. or fragments 
5 thereof of the sequences in Figure 1 or 2 is substituted with an amino acfd selected 
from the group of amino acids consisting of Phe. Trp, His, Pro, preferably an amino 
acid selected from the group of amino acids consisting of Phe and Trp, and 
Independently thereof, variants of the sequences in Figure 1 or 2, or fragments 
thereof, wherein at least one of said arglnlnes (Arg) of said fragment of the 

1 0 sequences in Figure 1 or 2 is substituted with an amino add selected from the group 
of amino adds consisting of Lys and His, and Independently thereof, variants of the 
sequences in Figure 1 or 2, or fragments thereof, wherein at least one lysine (Lys) of 
said variants of the sequences In Figure 1 or 2, or fragments thereof Is substituted 
with an amino acid selected from the group of amino acids consisting of Arg and 

15 His, and independently thereof, variants of the sequences In Figure 1 or 2, or 
fragments thereof, wherein at least one of said aspargines (Asn) of said variants of 
the sequences in Figure 1 or 2. or fragments thereof is substituted with an amino 
acid selected from the group of amino adds consisting of Asp, Glu, and Gin, and 
independently thereof, variants of the sequences In Figure 1 or 2, or fragments 

20 thereof, wherein at least one glutamine (Gin) of said variants of the sequences In 
Figure 1 or 2. or fragments thereof Is substituted with an amino acid selected from 
the group of amino acids consisting of Asp, Glu, and Asn, and independently 
thereof, variants of the sequences in Figure 1 or 2, or fragments thereof, wherein at 
least one proline (Pro) of said variants of the sequences in Figure 1 or 2, or 

25 fragments thereof is substituted with an amino acid selected from the group of 
amino adds consisting of Phe, Tyr, Trp, and His, and independently thereof, 
variants of the sequences in Figure 1 or 2, or fragments thereof, wherein at least 
one of said cysteines (Cys) of said variants of the sequences in Figure 1 or 2, or 
fragments thereof is substituted with an amino add selected from the group of 

JO amino adds consisting of Asp, Glu, Lys, Arg, His. Asn f Gin, Ser, Thr, and Tyr. 

It is dear from the above outline that the same variant or fragment thereof may 
comprise more than one conservative amino add substitution from more than one 
group of conservative amino adds as defined herein above. 
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The addition or d letton of an amino acid may be an addition or deletion of from 2 to 
10 amino acids, such as from 10 to 20 amino acids, for example from 20 to 30 
amino acids, such as from 40 to 50 amino acids. However, additions or deletions of 
more than 50 amino adds, such as additions from 10 to 200 amino acids, are also 
5 comprised within the present invention- More specifically, 43 N-terminal amino acids 
may be removed from the sequence In Figure 1 without substantially altering the 
lipid binding effect of the protein. Such a deletion variant is Included in SEQ ID NO 4 
as the apollpoprotein part of the construct. 

10 It will thus be understood that the invention concerns apolipoprotelns comprising at 
least one fragment of the sequences In Figure 1 or 2 capable of binding lipids such 
as DPMC, including any variants and functional equivalents of such at least one 
fragment 

15 The apollpoprotein according to the present invention. Including any functional 
equivalents and fragments thereof, may In one embodiment comprise less than 243 
amino acid residues, such as less than 240 amino acid residues, for example less 
than 225 amino acid residues, such as less than 200 amino acid residues, for 
example (ess than 180 amino acid residues, such as less than 160 amino acid 

20 residues, for example less than 150 amino acid residues, such as less than 140 
amino acid residues, for example less than 130 amino acid residues, such as less 
than 120 amino add residues, for example less than 110 amino add residues, such 
as less than 100 amino acid residues, for example less than 90 amino acid residues, 
such as less than 85 amino acid residues, for example less than 80 amino acid 

25 residues, such as less than 75 amino add residues, for example less than 70 amino 
add residues, such as less than 65 amino acid residues, for example less than 60 
amino acid residues, such as less than 55 amino acid residues, for example (ess 
than 50 amino acid residues. 

30 Fragments 

A fragment comprising the lipid binding region of the native sequences In Figure 1 or 
2 is particularly preferred. However, the invention Is not limited to fragments 
comprising the lipid binding region. Deletions of such fragments generating 
35 functionally equivalent fragments of the sequences in Figure 1 or 2 comprising less 
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than the lipid binding region are also comprised in the present invention. 
Functionally equivalent the sequences in Figure 1 or 2 peptides, and fragments 
thereof according to the present invention, may comprise (ess or more amino acid 
residues than the (ipid binding region. Preferably, the fragment comprises at least 
5 the amino acids 100-186 of apo-A-l or a variant or a functional equivalent thereof. It 
has been determined that this central domain and the a-hefices within the domain 
are directly Involved in interactions with phospholipids. Therefore, it is highly likely 
that this region plays an Important role in the functional properties of apo-A-l. 

10 "Functional equivalency* as used in the present invention Is according to one 
preferred embodiment established by means of reference to the corresponding 
functionality of a predetermined fragment of the sequences In Figure 1 or 2. 

Functional equivalents of variants of the sequences in Rgure 1 or 2 will be 
15 understood to exhibit amino acid sequences gradually differing from the preferred 
predetermined sequence, as the number and scope of insertions, deletions and 
substitutions including conservative substitutions increases. This difference fs 
measured as a reduction in homology between the preferred predetermined 
sequence and the fragment or functional equivalent. 

20 

Alt fragments or functional equivalents of apolipoprotein are included within the 
scope of this invention, regardless of the degree of homology that they show to a 
preferred predetermined sequence of apolipoprotein. The reason for this Is that 
some regions of the sequences In Figure 1 or 2 are most likely readily mutatable, or 
25 capable of being completely deleted, without any significant effect on the binding 
activity of the resulting fragment. 

A functional variant obtained by substitution may well exhibit some form or degree of 
native activity of the sequences in Rgure 1 or 2, and yet be less homologous, if 

30 residues containing functionally similar amino acid side chains are substituted. 
Functionally similar in this respect refers to dominant characteristics of the side 
chains such as hydrophobic, basic, neutral or acidic, or the presence or absence of 
steric bulk. Accordingly, In one embodiment of the invention, the degree of identity 
between I) a given the sequences in Figure 1 or 2 fragment capable of effect and ii) 

35 a preferred predetermined fragment, fs not a principal measure of the fragment as a 
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variant or functional equivalent of a preferred predetermined the sequ noes In 
Figure 1 or 2 fragment according to the present Invention. 

The homology between amino acid sequences may be calculated using well Known 
5 algorithms such as BLOSUM 30, BLOSUM 40, BLOSUM 45, BLOSUM 50 f 
BLOSUM 55, BLOSUM 60, BLOSUM 62, BLOSUM 65, BLOSUM 70. BLOSUM 75, 
BLOSUM 80, BLOSUM 85, or BLOSUM 90. Preferably the algorithm BLOSUM 30 is 
used. 

10 Fragments sharing at least some homology with the sequences in Figure 1 or 2 
fragment are to be considered as falling within the scope of the present invention 
when they are at least about 40 percent homologous with the apoiipoprotefn or 
fragment thereof, such as at least about 50 percent homologous, for example at 
least about 60 percent homologous, such as at feast about 70 percent homologous, 

15 for example at least about 75 percent homologous, such as at least about 80 
percent homologous, for example at least about 85 percent homologous, such as at 
least about 90 percent homologous, for example at least 92 percent homologous, 
such as at (east 94 percent homologous, for example at least 95 percent 
homologous, such as at least 96 percent homologous, for example at least 97 

20 percent homologous, such as at least 98 percent homologous, for exampfe at least 
99 percent homologous with the sequences in Figure 1 or 2 fragment According to 
one embodiment of the invention the homology percentages refer to identity 
percentages. 

25 Additional factors that may be taken into consideration when determining functional 
equivalence according to the meaning used herein are i) the ability of antisera 
against one of the sequences In Figure 1 or 2 to detect fragments of the sequences 
in Figure 1 or 2 according to the present invention, or II) the ability of the functionally 
equivalent fragment to compete with the sequences in Figure 1 or 2 in a lipid binding 

30 assay. 

Conservative substitutions may be introduced in any position of a preferred 
predetermined apoiipoproteln or fragment thereof. It may however also be desirable 
to Introduce non-conservative substitutions, particularly, but not limited to, a non- 
35 conservative substitution In any one or more positions. 
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A non-conservative substitution leading to the formation of a functionally equivalent 
fragment of the sequences In Figure 1 or 2 would for example i) differ substantially 
In polarity, for example a residue with a non-polar side chain (Ala. Leu, Pro, Trp, Val, 
5 lie, Leu, Phe or Met) substituted for a residue with a polar side chain such as Gly, 
Ser, Thr, Cys, Tyr, Asn, or Gin or a charged amino add such as Asp, Glu, Arg. or 
Lys, or substituting a charged or a polar residue for a non-polar one; and/or ii) differ 
substantially In Its effect on polypeptide backbone orientation such as substitution of 
or for Pro or Gly by another residue; and/or UI) differ substantially in electric charge, 
10 for example substitution of a negatively charged residue such as Glu or Asp for a 
positively charged residue such as Lys, His or Arg (and vice versa); and/or iv) differ 
substantially in sterlc bulk, for example substitution of a bulky residue such as His, 
Trp, Phe or Tyr for one having a minor side chain, e.g. Ala, Gly or Ser (and vice 
versa). 

15 

Substitution of amino acids may in one embodiment be made based upon their 
hydrophobic^ and hydrophilfcity values and the relative similarity of the amino acid 
side-chain substituants, including charge, size, and the like. Exemplary amino acid 
substitutions which take various of the foregoing characteristics Into consideration 
20 are well known to those of skin in the art and include: arginine and lysine; glutamate 
and aspartate; serine and threonine; glutamlne and asparaglne; and valine, leucine 
and isoleuclne. 

In addition to the variants described herein, sterically similar variants may be 
25 formulated to mimic the key portions of the variant structure and that such 
compounds may also be used in the same manner as the variants of the Invention. 
This may be achieved by techniques of modelling and chemical designing known to 
those of skill in the art. It will be understood that all such sterically similar constructs 
fall within the scope of the present invention. 

30 

The component X 

Preferably, the component X of the protein construct according to the Invention is 
essentially non-immunogenic. For instance the component X may be an amino acid, 
35 a carbohydrate, a nucleic acid sequence, an Inert protein or polypeptide, which has 
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substantially no physiological effect and especially no immunological ffect on 
mammals. 

According to one embodiment the component X consists of just one amino acid, 
5 which amino acid preferably Is a cysteln residue, which may be placed N-termlnalry, 
C-terminally or Internally in the apolipoprotein component. 

However, the component X may also comprise a peptide having more than 1 amino 
acids such as more than 2 amino acids, for example more than 5 amino acids, such 

10 as more than 10 amino acids, for example more than 15 amino acids, such as mors 
than 20 amino acids, such as more than 30 amino acids, for example more than 40 
amino acids, such as more than 50 amino acids, for example more than 75 amino 
acids, such as more than 100 amino acids, for example more than 200 amino acids, 
such as more than 300 amino acids, for example more than 400 amino adds, such 

15 as more than 500 amino acids, for example more than 600 amino acids, such as 
more than 700 amino acids, for example more than 800 amino acids, such as more 
than 900 amino adds, for example more than 1000, 1250, 1500, 2000, or 2500 
amino ackfs. 

20 One protein could be a plasma protein such as albumin or another non- 
fmmunogenlc peptide or protein. 

According to an especially preferred embodiment of the invention, the component X 
comprises an apolipoprotein component selected from the group consisting of 
25 apolipoprotein A-l, A-II, AIV, an analogue, functional variant or fragment thereof. The 
two apolipoprotein components may be linked linearly or they may be linked via a 
non-native cyseln bridge. Preferably they are linked linearly. 

Higher oligomers as well as dlmers of the apolipoprotein component comprising at 
30 least one non-native cystein residue may be manufactured and linked through 
cystein bridges under appropriate conditions. Oligomers linked by disulphide bridges 
may be linked serially (apo-S-S-apo, or apo-S-S-apo-S-S-apo or higher oligomers) 
or the disulphide bridge may be formed non-terminatly by inserting a cystein residue 
at a non-terminal position in each of the two proteins to be linked and linking the two 
35 proteins through a cystin bridge. By Inserting two, three or more cystein residues 
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into one or more of the proteins trtmers, tetramers and higher multimers may be 
formed. 

The protein construct according to the Invention may also comprise two, three or 
5 more apolipoprotelns or analogues thereof being serially and oovalently linked to 
one another. This may be achieved by linking the C-termlnal of a first apolipoprotein 
to the N-termlnus of the next apolipoprotein and so forth. The proteins may be so 
linked after transcription and translation or the nucleotide sequence may simply 
comprise two, three or more sequences coding for the apolipoprotein construct in 
10 question as well as optional linker peptides between the apolipoprotelns. 

Thereby, the need for a heterologous moiety to perform the linkage is avoided. It is 
expected that in the constructs having two. three or more apo units essentially all 
the apo units will participate in lipid binding thereby contributing to the functionality 
15 of the construct Therefore It is expected that these multf-apo constructs may have 
an increased lipid binding ability compared to native apo. An additional advantage of 
these constructs compared to native apo, is that they have an Increased plasma 
half-life compared to native apo. 

20 Such constructs comprising more than one apolipoprotein component may comprise 
a combination selected from the following group: 

Dimers: 

A-l A-l; A-ll All; A-IV AIV; A-l Aril; A-f A-IV; A-ll A-IV. 

25 

Trimers: 

Arl A-fl A-IV; A-l A-l A-ll; A-l A-l M; A-l A-l A-IV; Aril A ll A-l; A-ll A-ll A-IV; A-ll A-ll 
A-ll; A-IV A-IV A-IV; A-IV A-IV A-ll; A-IV A-IV A-l. 

30 Oliaomerisation modules 

According to an especially preferred embodiment of the invention, the heterologous 
moiety Is an otigomerising module. In this context, an ottgomerislng module is a 
peptide or a protein or part of a protein which is capable of interacting with other, 
35 similar or identical ollgomerislng modules. The Interaction is of the type that 
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produces multimeric proteins or polypeptides. Such an interaction may be caused by 
covalent bonds between the components of the muttimer as well as by hydrogen 
bond forces, hydrophobic forces, van der Waals forces, salt bridges. The invention 
also encompasses oligomerislng modules of non-peptlde nature such as a nucleic 
5 acid sequence of DNA, RNA, LNA, or PNA. 

The oligomerlsation module may be a dimerlsing module, a tdmerlsing module, a 
tetramerisfng module, or a multimerising module. 

10 When the apolipoprotein or analogue part of the construct is coupled to an 
ollgomerising module, muttimers of the construct can be made by simply mixing a 
solution of constructs (oligomerlsation module linked to apolipoprotein part) under 
appropriate conditions. In this way, dimers, trimers, tretramers, pentamers, 
hexamers or higher -mers can be made depending on the type of oligomerising 

15 module being linked to the apolipoprotein part of the construct. 

The multfmers according to the Invention may be homomers or heteromers, since 
different apolipoprotefns can be linked to the oligomerislng modules and be 
incorporated into the multfmer. It may be advantageous to mix the different types of 
20 apolipoprotefns In this way to obtain an Improved clinical effect of the construct 
Preferred homomers include trimens of Apo-A-t and trimers of Apo-A-IV. 

According to an especially preferred embodiment of the Invention the oligomerislng 
module is from tetranectin and more specifically comprises the tetranectin 
25 trfmerising structural element (hereafter termed TTSE) ( which is described in detail 
in WO 98/56906. The trimerislng effect of TTSE is caused by a ooiled coil structure 
which interacts with the coifed coil structure of two other TTSEs to form a trimer, 
which is exceptionally stable. A further advantage of TTSE is that it is a weak 
antigen (WO 98/56906). 

30 

Preferably the heparin binding site, which is located in the N-terminal region of exon 
1 (Figure 4) is abolished by removal or mutagenis of N-termlnai lysine residues 
(Gravereen et al. t manuscript) without inhibiting trimerisation. TTSEs that include 
most or all of exon 1 therefore confer an affinity for sulfated polysaccharides to any 
35 designed protein which encompasses such a TTSE as part of its structure. If 
desired, however, this affinity can be reduced or abolished by N-terminal truncation 
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or mutagenesis of lysine residues in the part of the TTSE that corresponds to the N- 
termfnal 5-10 amino acid residues of exon 1 (Graversen et al., unpublished). 

The Interacting domain of the trlmertslng module according to the invention Is 
5 preferably of the same type as In TTSE. namely a triple alpha helical coiled coil. 

The TTSE may be from human tetranectin, from rabbit tetranectin, from murine 
tetranectin or from C-type lectin of shark cartilage. Preferably, the TTSE comprises 
a sequence having at least 68%, such as at least 75%, for example at least 61% v for 
10 example at least 87% such as at least 92% identity with the consensus sequence of 
figure 1. Thereby analogues of the TTSE having substantially the same trimerlsing 
effect are encompassed by the invention. 

Preferably, the cystein residue 50 of TTSE should be mutagenlsed to serine, 
15 threonine, methionine or to any other amino acid residue in order to avoid formation 
of an unwanted inter-chain disulphide bridge, which could lead to unwanted 
multimerisation. 

The presence of a timer may be ascertained by well known techniques such as gel- 
20 filtration, SDS-PAGE, or native SDS gel electrophoresis depending on the nature of 
the trimer. One preferred method for ascertaining the presence of an oligomer Is 
through linkage by DM SI followed by SDS-PAGE. 

According to a preferred embodiment of the invention the protein construct is 
25 obtained by linking two or more apollpoprotelns to oligomerising modules. The 
advantage of this embodiment is that the linkage of the Individual apolipoproteins to 
one another does not take place within the apolipoprotein but In the oligomerising 
module. Thereby the nature of the wild-type apolipoprotein is conserved and the 
apolipoprotein conserves the secondary and tertiary structure, which is 
30 advantageous for its physiological function. By further introducing a peptide spacer 
between the apolipoprotein and the oligomerising module it is ensured that both of 
the components of the construct can perform their Interaction with lipids and other 
oligomerising modules respectively without being affected by the Interactions of the 
other component. Preferably, the peptide spacer Is non-lmmunogenic. and has an 
35 essentially linear three dimensional structure. 
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Different or Identical apo units may be olfgomerised using an oligomerisation module 
such as a dimerising module, a trlmerlsfng module, a tetramertsing module* a 
pentamerislng module, a hexamerislng module or a muttfmerislng module. The 
5 oligomerlsing modules may comprise a colled coll structure capable of Interchain 
recognition and interaction. 

The general method for producing an artificial oligomer of a protein or peptide 
comprises the identification of a trimerisation module from proteins that form trimers 

10 In nature. Through careful analysis, the domain responsible for the protein-protein 
interaction can be identified, isolated, and linked to the protein or peptide to be 
trimerteed. According to the Invention such trimerisation does not necessarily 
comprise the formation of a trimer of apolipoprotein or an analogue. It is also 
possible to link Just one apolipoprotein to a trimerisation module and allow this 

15 peptide to trirnerise with two other trimerisation modules. Thereby the molecular 
weight of the apolipoprotein part Is increased and the plama half-life may be 
increased compared to native apolipoprotein. 

One example of an oligomerlsation module is disclosed in WO 95/31540 (HOPPE 
20 ET AL.). which describes polypeptides comprising a collectfn neck region. The 
amino add sequence constituting the collectin neck region may be attached to any 
polypeptide of choice. Trimers can then be made under appropriate conditions 
between three polypeptides comprising the collectin neck region amino acid 
sequence. 

25 

Spacer peptide 

The protein construct may also advantageously comprise a spacer moiety, which is 
covalently linked between the apolipoprotein or apolipoprotein analogue and the 

30 heterologous moiety. The effect of the spacer Is to provide space between the 
heterologous moiety and the apolipoprotein part of the construct Thereby Is 
ensured that the secondary structure of the apolipoprotein part is not affected by the 
presence of the heterologous moiety so that the physiological effect of the 
apolipoprotein part is maintained. Preferably, the spacer is of polypeptide nature. In 

35 this way the nucleic add sequence encoding the spacer can be linked to the 
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sequence encoding the apolipoproteln part of the construct and optionally the 
sequence for the heterologous moiety, and the whole construct can be produced at 
the same time. 

Design and preparation of suitable spacer moieties are known In the art and are 
conveniently effected by preparing fusion polypeptides having the format apo- 
spacer-X, where the spacer moiety Is a polypeptide fragment (often a relatively inert 
one), so as to avoid undeslred reactions between the spacer and the surroundings 
or the construct 



A spacer moiety may also be inserted between two TTSEs allowing both of these to 
Interact wfth a third separate TTSE to form a trimerlc complex, which then comprises 
two separate peptides: TTSE and TTSE-spacer-TTSE. This embodiment facilitates 
the production of the apolipoprotein construct since the major part of the trimer, 
15 which is then strictly seen a dimer, can be syntheslsed as one single polypeptide 
comprising in sequence (apo denoting any polypeptide sequence forming the 
apolipoproteln part of the construct) apo-TTSE-spacer-TTSE-apo. 

In the embodiments where two TTSEs are present in the same monomer it is 
20 preferred that the spacer moiety has a length and a conformation which favours 
complex formation Involving both of the two TTSEs which are covalentiy linked by 
the spacer moiety. In this way, problems arising from undesired formation of trimers 
of the formats (2+1+1). (2+2+2). and (2+2+1) (wherein only one TTSE of each 
monomer participates In complex formation) can be diminished. 

25 

The spacer peptide preferably comprises at least two amino acids, such as at least 
three amino acids, for example at least five amino acids, such as at least ten amino 
adds, for example at least 15 amino acids, such as at least 20 amino acids, for 
example at least 30 amino acids, such as at least 40 amino adds, for example at 
30 least 50 amino acids, such as at least 60 amino adds, for example at least 70 amino 
acids, such as at least 80 amino acids, such as at least 90 amino adds such as 
approximately 100 amino acids. 

The spacer may be linked to the apo component and X through covalent linkages. 
35 and preferably the spacer is essentially non-lmmunogenic. 
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Similarly, the three-dimensional structure of the spacer Is preferably linear or 
substantially linear. 

5 The linkage 

The two components of the construct may be linked together by a covalent linkage. 
This linkage may be formed between the component X and the C or N terminal 
amino acid of the apo component. The components may also be linked via more 
10 than one covalent linkages. The covalent linkage between the components may also 
comprise a S-S bridge, preferably between cysteln residues. These cystein residues 
may be placed C or N terminally in the apo component and/or the component X or 
the may be placed internally In either or both of the components. 

15 Carbohydrate 

Irrespective of the other components of the construct the construct according to the 
invention may comprise a carbohydrate moiety. 

20 Tetranectin trfmerisfng structural element 

One especially preferred embodiment of the Invention is the trimerisation or partial 
trimerlsation of an apollpoproteln or analogue thereof with the trimerisation module 
from tetranectin, 

25 

This technique is described in WO 98/56906 (TH0GERSEN ET AL), which is 
hereby Incorporated by reference. The trimeric polypeptides are constructed as a 
monomer polypeptide construct comprising at least one tetranectin trimerlslng 
structural element (TTSE). which Is covalently linked to at feast one heterologous 
30 moiety. The tetranectin trimerlslng structural element is capable of forming a stable 
complex with two other tetranectin trimerlslng structural elements. 

The term "trimerlsing structural element" (TTSE) used in the present description and 
claims Is intended to refer to the portion of a polypeptide molecule of the tetranectin 
35 family which is responsible for trimerisation between monomers of the tetranectin 
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polypeptide. The term is also Intended to embrace variants of a TTSE of a naturally 
occurring tetranectin family member, variants which have been modified in the 
amino acid sequence without adversely affecting, to any substantial degree, the 
trimerisation properties relative to those of the native tetranectin family member 
5 molecule. 

Specific examples of such variants will be described In detail herein, but rt is 
generally preferred that the TTSE is derived from human tetranectin, murine 
tetranectin, C-type lectin of human or bovine cartilage, or C-type lectin Of shark 
10 cartilage. Especially preferred is monomer polypeptide constructs including at least 
one TTSE derived from human tetranectin. 

The 49 residue polypeptide sequence encoded by exons 1 and 2 of tetranectin (Fig. 
3) appears to be unique to the tetranectin group of proteins (Fig. 4) as no significant 

15 sequence homology to other known polypeptide sequences has been established. 
In preparation for experimental investigations of the architecture of tetranectin a 
collection of recombinant proteins was produced, the collection including complete 
tetranectin, the CRD domain (approximately corresponding to the polypeptide 
encoded by exon 3), a product corresponding to the polypeptide encoded by exons 

20 2+3, a product corresponding to exons 1+2 (Holtet et el., 1996). Tetranectin is 
indeed a trfmer, but the exon 2 encoded polypeptide is In fact capable of effecting 
trimerisation by itself as evidenced by the observation that the recombinant protein 
corresponding to exons 2+3 is in fact trimeric in solution. 

25 3D-structure analysis of crystals of full-length recombinant tetranectin (Nielsen et al., 
1996; Nielsen, 1996; Larsen et al. v 1996; Kastrup, 1996) has shown that the 
polypeptide encoded in exon 2 plus three residues encoded in exon 3 form a triple 
alpha helical colled coil structure. 

30 From the combination of sequence and structure data it becomes dear that 
trimerisation In tetranectin Is in fact generated by a structural element (Fig. 4). 
comprising the amino acid residues encoded by exon two and the first three 
residues of exon 3 by an unusual heptad repeat sequence, that apparently is unique 
to tetranectin and other members of fts group: This amino acid sequence (Fig. 4) is 

35 characterised by two copies of heptad repeats (abcdefg) with hydrophobic residues 
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at a and d positions as are other alpha helical coiled coils. These two heptad 
repeats are In sequence followed by an unusual third copy of the heptad repeat, 
where glutamine 44 and glutamlne 47 not only substitute the hydrophobic residues 
at both the a and d position, but are directly involved In the formation of the triple 
5 alpha helical coiled coil structure. These heptad repeats are additionally flanked by 
two half-repeats with hydrophobic residues at the d and a position, respectively. 

Trie presence of beta-branched hydrophobic residues at a or d positions In alpha 
helical coiled coil are known to Influence the state of ofigomerisation. In the 
10 tetranectin structural element only one conserved valine (number 37) is present. At 
sequence position 29 in tetranectin no particular aliphatic residue appears to be 
preferred. 

In summary. It is apparent that the triple stranded colled coil structure In tetranectin 
15 to a large extent is governed by Interactions that are unexpected in relation to those 
characteristic among the group of known colled coil proteins. 

The TTSEs form surprisingly stable trimerlc molecules. TTie experimental 
observations, that (1) a substantial part of the recombinant proteins exists in the 

20 oligomeric state of and can be cross-linked as trimerlc molecules even at 70C° and 
(2) that exchange of monomers between different trimers can only be detected after 
exposure to elevated temperature are evidence of a extremely high stability of the 
tetranectin trimerising structural element. This feature must be reflected in the amino 
add sequence of the structural element In particular, the presence and position of 

25 the glutamine containing repeat in the sequential array of heptad repeats is. together 
with the presence and relative position of the other conserved residues in the 
consensus sequence (Fig. 4), considered Important for the formation of these stable 
trimerlc molecules. For most practical uses the cysteine residue 50 should be 
mutagenlzed to serine, threonine, methionine or to any other amino acid residue In 

*0 order to avoid formation of an unwanted Inter-chaln disulphlde bridge, which 
eventually would lead to uncontrolled multlmerisation, aggregation and precipitation 
of a polypeptide product harbouring this sequence. 

In particular In conjunction with the trimar-stabilising exon 1 encoded polypeptide, 
15 the tetranectin trimerising structural element is a truly autonomous polypeptide 



26 



10/11 '00 12:23 FAX +45 33320384 



HOI BERG A PS 



©027 



P 459 DKOO 

25 

module retaining its structural integrity and propensity to generate a highly stabl 
homotrimerfc oomplex whether it is attached or not by a peptide bond at either or at 
both termini to other proteins. 

5 This unique property Is demonstrated by the fact that polypeptide sequences 
derived from heterologous proteins may readily be trimerlsed when Joined as fusion 
proteins to the tetranectin trimerfslng structural element This remains valid 
irrespective of whether the heterologous polypeptide sequences are placed amino- 
terminally or carboxy-terminally to the trimerlslng element allowing for the formation 
10 of one molecular assembly containing up to six copies of one particular polypeptide 
sequence or functional entities, or the formation of one molecular assembly 
containing up to six different polypeptide sequences, each contributing their 
Individual functional property. 

15 Since three TTSEs of naturally occurring human tetranectin forms up a triple alpha 
helical coifed coil. It is preferred that the stable complex formed by the TTSEs of the 
Invention also forms a triple alpha helical coiled coil. 

The "tetranectin family" are polypeptides, which share the consensus sequence 
20 shown In Fig. 4 or a sequence, which is homologous at sequence level with this 
consensus sequence. 

Hence, monomer polypeptide constructs of the invention are preferred which 
comprise a polypeptide sequence which has at least 68% sequence identity with the 
25 consensus sequence shown In Fig. 4, but higher sequence identities are preferred, 
such as at least 75%. at least 81%, at least 87%, and at least 92%. 

Production of the protein construct 

30 In order to produce a peptide component of the protein construct the cDNA 
encoding this part Is Inserted into an expression vector and transformed into a host 
cell 

The above mentioned host cell (which is also a part of the invention) can be 
35 prepared by traditional genetic engineering techniques which comprises Inserting a 
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nucleic acid fragment (normally a DNA fragment) encoding the polypeptide part of a 
monomer polypeptide construct of the invention Into a suitable expression vector, 
transforming a suitable host cell with the vector, and culturing the host ceil under 
conditions allowing expression of the polypeptide part of the monomer polypeptide 
5 construct The nucleic add fragment encoding the polypeptide may be placed under 
the control of a suitable promoter which may be Inducible or a constitutive promoter. 

Depending on the expression system, the polypeptide may be recovered from the 
extracellular phase, the periplasm or from the cytoplasm of the host cell. 

10 

Suitable vector systems and host cells are well-known in the art as evidenced by the 
vast amount of literature and materials available to the skilled person. Since the 
present Invention also relates to the use of the nucleic acid fragments of the 
invention In the construction of vectors and in host cells, the following provides a 
15 general discussion relating to such use and the particular considerations in 
practising this aspect of the invention. 

in general, of course, prokaryotes are preferred for the initial cloning of nucleic 
sequences of the invention and constructing the vectors useful In the invention. For 
20 example, In addition to the particular strains mentioned in the more specific 
disclosure below, one may mention by way of example, strains such as E. coli K12 
strain 294 (ATCC No. 31446), E. coll B, and E. coli X 1776 (ATCC No. 31537). 
These examples are, of course, intended to be illustrative rather than limiting. 

25 Prokaryotes are also preferred for expression, since efficient purification and protein 
refolding strategies are available. The aforementioned strains, as well as E. coli 
W3110 (F~X, prototrophic, ATCC No. 273325), bacilli such as Bacillus subtrlis, or 
other enterobacteriaceae such as Salmonella typhimurium or Serratla marcesans, 
and various Pseudomonas species may be used. 

30 

In general, plasmid vectors containing replicon and control sequences which are 
derived from species compatible with the host cell are used in connection with these 
hosts. The vector ordinarily carries a replication site, as well as marking sequences 
which are capable of providing phenotypic selection In transformed cells. For 
35 example, E. coli is typically transformed using pBR322, a plasmid derived from an E. 
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coif species (see. e.g., Bolivar et al., 1977]. The pBR322 plasmid contains genes for 
ampicillin and tetracycline resistance and thus provides easy means for identifying 
transformed cells. 

5 The pBR plasmid, or other microbial plasmid or phage must also contain, or be 
modified to contain, promoters which can be used by the microorganism for 
expression. 

Those promoters most commonly used in recombinant DNA construction include the 
10 B-iactamase (penicillinase) and lactose promoter systems (Chang et al., 1970; 
Itakura et al, 1977; Goeddel et at., 1979) and a tryptophan (trp) promoter system 
(Goeddel et al., 1979; EPO AppL Publ. No, 0036776). While these are the most 
commonly used, other microbial promoters have been discovered and utilised, and 
details concerning their nucleotide sequences have been published, enabling a 
15 skilled worker to ligate them functionally with plasmid vectors (Siebwenlist et al., 
1980). Certain genes from prokaryotes may be expressed efficiently in E. coli from 
their own promoter sequences, precluding the need for addition of another promoter 
by artificial means. 

20 In addition to prokaryotes, eukaryotic microbes, such as yeast cultures may also be 
used. Saccharomyces cerevlsiase, or common baker's yeast is the most commonly 
used among eukaryotic microorganisms, although a number of other strains are 
commonly available. For expression in Saccharomyces, the plasmid YRp7, for 
example, is commonly used (Stinchcomb et al-. 1979; Kingsman et al, 1979; 

25 Tschemper et al. , 1 980). 

This plasmid already contains the trpl gene which provides a selection marker for a 
mutant strain of yeast lacking the ability to grow In tryptophan for example ATCC 
No. 44076 or PEP4-1 (Jones. 1977). The presence of the trpl lesion as a 
30 characteristic of the yeast host ceil genome then provides an effective environment 
for detecting transformation by growth In the absence of tryptophan. 

Suitable promoting sequences in yeast vectors include the promoters for 3- 
phosphoglycerate kinase (Hltzman et al., 1960) or other glycolytic enzymes (Hess et 
35 al., 1968; Holland et eU 1078), such as enolase, gfyceraldehyde-3-phosphate 
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d hydrogenase, hexoklnase r pyruvate decarboxylase, phosphofructokinase, 
glucose-6-phosphate Isomerase, 3-phosphogIycerate mutase, pyruvate kinase, 
triosephosphate isomerase, phosphoglucose Isomerase, and giucokinase. In 
constructing suitable expression plasmids. the termination sequences associated 
with these genes are also ligated into the expres slon vector 3' of the sequence 
desired to be expressed to provide polyadenylation of the mRNA and termination. 

Other promoters, which have the additional advantage of transcription controlled by 
growth conditions are the promoter region for alcohol dehydrogenase 2 t 
isocytochrome C, acid phosphatase, degradatrve enzymes associated with nitrogen 
metabolism, and the aforementioned gtyceraldehyde-3-phosphate dehydrogenase, 
and enzymes responsible for maltose and galactose utilisation. Any plasmid vector 
containing a yeast compatible promoter, origin of replication and termination 
sequences fs suitable. 

In addition to microorganisms, cultures of cells derived from multicellular organisms 
may also be used as hosts. In principle, any such cell culture Is workable, whether 
from vertebrate or Invertebrate culture. However, Interest has been greatest In 
vertebrate cells, and propagation of vertebrate In culture (tissue culture) has become 
a routine procedure (Tissue Culture. 1973). Examples of such useful host cell lines 
are VERO and HeLa cells, Chinese hamster ovary (CHO) cell lines, and W138, 
BHK, COS-7 293 and MDCK cell lines. 

Expression vectors for such cells ordinarily include (if necessary) an origin of 
replication, a promoter located in front of the gene to be expressed, along with any 
necessary ribosome binding sites, RNA splice sites, polyadenylation site, and 
transcriptional terminator sequences. 

For use In mammalian cells, the control functions on the expression vectors are 
often provided by viral material. For example, commonly used promoters are derived 
from polyoma, Adenovirus 2, and most frequently Simian Virus 40 (SV40). The early 
and late promoters of SV40 virus are particularly useful because both are obtained 
easily from the virus as a fragment which also contains the SV40 viral origin of 
replication (Fiere et al. F 1978). Smaller or larger SV40 fragments may also be used, 
provided there Is Included the approximately 250 bp sequence extending from the 
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Hindlll site toward the Bgll site located in the viral origin of replication. Further, it Is 
also possible, and often desirable, to utilise promoter or control sequences normally 
associated with the desired gene sequence, provided such control sequences are 
compatible with the host cell systems. 

5 

An origin of replication may be provided either by construction of the vector to 
Include an exogenous origin, such as may be derived from SV40 or other viral (e.g.. 
Polyoma, Adeno, VSV, BPV) or may be provided by the host cell chromosomal 
replication mechanism. If the vector Is Integrated into the host ceil chromosome, the 
1 0 latter Is often sufficient. 

Upon production of the polypeptide monomer constructs it may be necessary to 
process the polypeptides further, e.g. by introducing non-proteinaceous functions In 
the polypeptide, by subjecting the material to suitable refolding conditions (e.g. by 
15 using the generally applicable strategies suggested in WO 94/18227), or by cleaving 
off undesired peptide moieties of the monomer (e.g. expression enhancing peptide 
fragments which are undesired in the end product). 

In the light of the above discussion, the methods for recomblnantly producing the 
20 monomer polypeptide construct of the Invention are also a part of the invention, as 
are the vectors carrying and/or being capable of replicating the nucleic acids 
according to the invention in a host cell or a cell-line. According to the invention the 
expression vector can be e.g. a p las mid, a oosmid, a mlnichromosome, or a phage* 
Especially interesting are vectors which are integrated in the host cell/cell line 
25 genome after introduction in the host. 

Another part of the invention are transformed cells (useful In the above-described 
methods) carrying and capable of replicating the nucleic acid fragments of the 
invention; the host cell can be a microorganism such as a bacterium, a yeast, or a 
30 protozoan, or a cell derived from a multicellular organism such as a fungus, an 
insect cell, a plant cell, or a mammalian cell. Especially interesting are cells from the 
bacterial species Escherichia, Bacillus and Salmonella, and a preferred bacterium is 
E. coli. 

35 Yet another part of the Invention relates to a stable cell line producing the 
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polypeptide part of a construct according to the Invention, and preferably the cell line 
carries and expresses a nucleic acid of the Invention. 

Plasmlds 

5 

The construct according to the Invention may be manufactures using the plasmids 
disclosed below. 

PT7H9 TriprVgpoAl: 

10 The plasmid comprises the plasmid pT7H6Fxtrlpa described in WO 98/56906 as 
example no. 1. 

Expression Is governed by the 17 promoter. The plasmid furthermore comprises a 
H6 sequence being a hexa-His affinity tag for use In purification. After that is 
inserted a Fxa recognition sequence (IQGR). 
15 -SPGT Is a connective sequence to the subsequent trimerisation module. This 
sequence has been inserted because it gives the opportunity to cut the DNA strand 
with Bgl II and Kpn I. 

-Trip A is the trimerisation module from tetranectin.. 

OS is another connective sequence, which provides an opportunity to cut with Bam. 
20 HI. 

Finally the plasmid comprises the human apoprotein A-l cDNA coding for amino 
acids 25 -267 from human apolipoprotein A-l 

pT7H6TripA-apoA1-del43: 
25 The plasmid comprises the sequences as above, but the apolipoprotein part has 
been replaced with cDNA coding for amino adds 68-267 from human apolipoprotein 
A-l. 

RT7H9UfriFxApoAl 

30 

The basic plasmid has been described fn Ellgaard et al (1997). 
The plasmid comprises the following sequences: 
- the expression Is governed by the T7 promoter 
-H6: hexa-HIs affinity tag for purification of the protein construed 
35 -Ubi: cDNA coding for human ubiquitin 
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-FX: recognition sequence for Fxa 

-DNA coding for two Gly residues, necessary for the optimal cleavage by FXa. 
-ApoAl: cDNA ooding for amino acids 25 -267 from human apolipoprotefn A-l 

5 pT7H6UbiFXCvsAPoAI 

As above, but after the sequence coding for the two glycine residues and before the 
apolipoprotein A-l sequence coding for a cystein residue has been Inserted. 

10 FT7H6FXCvsAdqAI 

The plasmld comprises the following sequences: 
- the expression is governed by the T7 promoter 

hexa-His affinity tag for purification of the protein construct 
1 5 -FX: recognition sequence for Fxa 

-DNA coding for two Gly residues, necessary for the optimal cleavage by FXa. 
-DNA coding for a cystein residue. 

-ApoAl: cDNA coding for amino acids 25 -267 from human apolipoprotein A-l 

20 Receptor binding 

The performance of the constructs according to the Invention may be analysed by 
measuring the ability of the constructs to bind to receptors which bind native 
apolipoprotein A-l, A-ll or A-IV. Such receptors Include but are not limited to cubllin 
25 and scavenger receptor B1. The dissociation constant, KD, of the complex between 
cubilfn and native apolipoprotein A I is 20 nm. It has been determined experimentally 
that an apolipoprotein A I trimer according to the present Invention binds even 
stronger to cubilin. 

30 Affinity tags 

The protein construct according to the Invention may also comprise an affinity tag for 
use during purification of the construct. Such a tag preferably comprises a 
polyhistidine sequence. This sequence can advantageously be used for purification 
35 of the product on a Ni 2 * column, which will bind the polyhistidine sequence and 
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thereby the whole protein. After lution from the column the polyhistidine sequence 
may be cleaved off by a proteinase such as trombin recognising a specffic sequence 
built Into the construct between the protein construct and the polyhistidine 
sequence. 

5 

In order to aid In the purification of the expressed protein a DNA sequence encoding 
an affinity tag may be added to the sequence encoding the protein construct. Such 
affinity tags may Include well known tags as an antigenic tag, a polyhistidine tag, or 
a GST tag. 

10 

Production of aoo-TTSE 

In order to produce a construct comprising an apolipoprotein part and a TTSE. the 
cDNA encoding the apolipoprotein part is ligated at the 3' end to the 5 r end of the c- 
15 DNA enooding the TTSE. Further TTSE units and apolipoprotein units may also be 
ligated. A sequence encoding an enzyme cleavage site Is further ligated to the 3' 
end of the sequence encoding TTSE and finally a sequence encoding polyhistidine 
Is also ligated. This can be done by conventional PCR techniques. The combined c- 
DNA Is Inserted into an expression vector and transformed into a host cell. 

20 

After expression In the E. coll, the polyhistidine sequence is used to capture the 
heterologous protein on a NI2+ column. After elution the polyhistidine tail can be 
removed by a proteinase such as Fx cleaving the heterologous protein at the 
specific site Inserted into it between the TTSE and the polyhistidine sequence. The 
25 resulting apo-TTSE peptide can then be processed further by tiimerislng it to other 
or identical apo-TTSE peptides. 

Use of an aoo construct for preoptio n of a pharmaceutical composition 

30 The apo construct may be used for the preparation of a pharmaceutical composition. 
The composition may comprise pharmaceutical acceptable exciplents, adjuvants, 
additives such as phospholipids, cholesterol, or triglycerides. 

The pharmaceutical composition may be administered Intravenously, intraarterial^, 
35 Intramu$culary, transdermal^, pulmonary, subcutaneously. Intradermal^, 
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Intratechaliy, through the buccal-, anaK vaginal-, conjunctival-, or Intranasal tissue, 
or by Inoculation Into tissue, such as tumour tissue, or by an Implant, or orally. 

The formulation of the pharmaceutical compositions aocording to the Invention is 
5 preferably performed using techniques well Known to the skilled practitioner. This 
may comprise the addition of pharmaceutical^ acceptable exclplents, adjuvants, or 
additives, such as phospholipids, cholesterol or triglycerides. 

Administration of aoo construct 

10 

The apo-constructs according to the Invention may be administered for 
arterosclerosis such as for indications such as angina pectoris, claudication and for 
removal of endotoxins. It is envisaged that the administration comprises the 
administration of at least 50 mg of the construct every week such as to obtain a 
15 plasma concentration of approximately 0.5 g/L. Preferably the construct i9 
administered parenterally such as through Injections, suppositories, Implants eta 

Preferably the composition is administered in an amount comprising at least 50 mg 
apolipoproteln construct per week, such as at least 100 mg/week, for example at 

20 least 250 mg/week, such as at least 500 mg/week. for example at least 750 
mg/week such as at least 1000 mg/week, for example at least 1250 mg/week, such 
as at least 1500 mg/week, for example at least 2000 mg/week, such as at least 
2500 mg/week, for example at least 5000 mg/week. The administration may be 
performed once a week once every second week, or once every third week, or once 

25 every fourth week. 

The constructs may also be administered orally. For this administration route, the 
technology described In W09946283, US 5,922.680, US 5.780,434 or US 
5,591,433, US 5,609,871, or US 5,783,193 may be applied to the protein constructs 
30 according to the present Invention. These references are hereby Incorporated in 
their entirety by reference. 

Cell population; 
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Th Invention also encompasses the use of the nucleotide sequence according to 
the Invention for gene therapy. 

The genes may be transferred to a population of macrophages and subsequently be 
5 transferred to the patient In need of treatment Hereby, a transient expression of the 
gene is obtained, since the macrophage have a limited lifetime in the blood vessels. 

Permanent transfecHon may be obtained by transforming liver cells. 

1 0 Example 1 : Cloning of Apo AA 

The cDNA encoding Apo A-l was amplified from a human liver cDNA library 
(Clontech) using standard PCR techniques. For the construction of Ubi-A-I the 
primers used were: 5'-CAC GGA TCC ATC GAG GGT AGG GGT GGA GAT GAA 

15 CCC CCC CAG AGC-3' and 5 - TCC AAG CTT ATT ACT GGG TGT TGA GCT 
TCT TAG TG-3\ The product was cloned into the vector pT7H6Ubi t described in 
(Ellgaard L. et al Eur. J. Biochem. 1997;244(2): 544-51) using the Bam HI and Hind 
III cloning sites. For the construction of Trip-A-A-I the primers used were 5'-AAG 
GGA TCC GAT GAA CCC CCC CAG AGC CCC-3' and 5*-TCC AAG CTT ATT ACT 

20 GGG TGT TGA GCT TCT TAG TG-3\ The PCR product was cloned into the 
pT7H6tripa vector described in WO 98/56906 using the Bam HI and Hind ill cloning 
sites. For the construction of Trip-A-l-del43 the primers used were 5*-AGG GGA 
TCC CTA AAG CTC CTT GAC AAC TGG G-3' and 5'- TCC AAG CTT ATT ACT 
GGG TGT TGA GCT TCT TAG TG -3'. The PCR product was cloned into the 

25 pT7H6tripa vector described in WO 98/56906 using the Bam HI and Hind Hi cloning 
sites. For the construction of Ubi-Cys-A-I the primers used were: 5'-GGT GGA TCC 
ATC GAG GGT AGG GGT GGA TGT GAT GAA CCC CCC C -3' and 5'- TCC AAG 
CTT ATT ACT GGG TGT TGA GCT TCT TAG TG -3'. The product was cloned inti 
the vector pT7H6Ubi. described In (Ellgaard L. et al Eur. J. Blochem. 

30 1997;244<2):544-51) using the Bam HI and Hind 111 cloning sites. The plasmids 
generated are shown on figure 4, 5, 6, and 7- 

Example 2: Expression of apolipoprotein A-4 (apo A-l) in H. coti 
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Ubi-A-I and Trip-A-I are conveniently expressed In £ coli AV-1 cells (Stratag ne 
Inc.). Other cell lines may be used as well. Culturing of trie cells and induction of 
expression were performed as described for tetranectin In WO 98/56906. 

5 Example 3; Isolation and processing of protein 

Crude protein was isolated by phenol extraction as described for tetranectin in WO 
98/56906. The re-dissolved pellet from 6 litres of expression culture was centrifuged 
to remove non-dissolved material and then batch adsorbed to 50 ml Ni^-NTA- 

10 Sepharose, prepared as described In WO 98/56906. The column material was 
packed on a column and then washed with 500 ml 8 M urea, 500 mM NaCl, 50 mM 
Tris-HCI pH 8.0, then 200 ml of 6 M Guanidinlum-HCl, 50 mM Tris-HCI pH 8.0 and 
finally 300 ml of 500 mM NaCl, 50 mM Tris-HCI pH 8-0. The protein was elated with 
500 mM NaCl, 50 mM Tris-HCI pH 8.0 and 10 mM EDTA. The protein was added 

15 0.5 mg of FX, and digested overnight at room temperature. Thrombin may be used 
for this purpose as well. The protein was gelfiltrated on a 6-25 sephadex 
(Pharmacia) column in to a 500 mM NaCl, 50 mM Tris-HCI pH 8.0 buffer. 
Undigested protein was removed by passing the protein solution over a Nl 2 *-NTA- 
Sepharose column pre-washed In 500 mM NaCl, 50 mM Tris-HCI pH 8.0 and then 

20 washed with 500 mM NaCl, 50 mM Tris-HCI pH 8.0. Undigested protein was eluted 
with 500 mM NaCl, 50 mM Tris-HCI pH 8.0 and 10 mM EDTA. 

Example 4: Removal of lipids from the proteins 

25 The proteins were gelfiltrated into a 10 mM (NH^COa pH 8.6 solution and 
lyophllised. Hie lyophilised protein was resuspended in 25 ml cold 1:1 
methanol/chloroform, incubated on ice for 30 mfn, centrifuged at 3000 g for 20 
minutes. The pellet was resuspended in 25 ml of 1:2 cold methanol/chloroform, 
equilibrated for 30 minutes on Ice and recentrifuged. The supernatant was removed 

30 and the pellet was briefly air-dried and then redissolved in 6 M guanldinium-HCl, 50 
mM Tris-HCI pH 8.0 over night 

Example 5: Multlmerlsation assay 



37 



10/11 00 12:31 FAX +45 33320384 



HOIBERG APS 



©038 



P 459 DKOO 

36 

Cross [inking 

Multimerisation may be measured by cross-linking of multimers followed by 
analytical SDS-PAGE. 

5 

60 jJ of a 0.2 mg/ml protein dissolved in 150 mM Na-borate pH 9.0 equilibrated to 
the desired temperature for 30 minutes are added 5 pi of a 20 mg/ml 
dimethylsuberimldate and Incubated for 30 minutes at the desired temperature. The 
cross-linking was quenched by the addition of 5 jil 3 M Tris-HCI pH 9.0. 

10 

Dimethylsuberimidate causes lysin residues located within a short distance from one 
another to form a oovalent bond. The result is that proteins which have formed 
multtmers are covalently linked to one another. The molecular weight of the 
multimers can be estimated in the subsequent SDS-PAGE. 

15 

The cross-linking products were analysed by SDS-PAGE on 8-16 % acrylamide 
gels. Optionally an adjuvant, such as a lipid, was included in the cross-linking 
mixture, In which case the protein was pre-incubated with the adjuvant 

20 Analytical oeffiltratlon 

Multimerisation may also be measured by analytical getfiltration. 

The protein was dissolved in a 500 mM NaCI, 50 mM Tris-HCI pH 8.0 buffer and 
25 gelfiltrated on a Superdex 200 HR 10/30 column In to the desired buffer at room 
temperature and a flow of 0.25 rnl/min. For standard procedures the buffer was 100 
mM NaCI. 50 mM Tris-HCI pH 8.0. 
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Claims 

1. An apolipoprotein construct having the general formula 
- apo-X, 



where apo Is en apolipoprotein component selected from the group consisting of 
apolipoprotein Al, apolipoprotein All, apolipoprotein AIV, an analogue or a 
variant thereof, 



- and X is a heterologous moiety comprising at least one compound selected from 
the group consisting of an amino add, a non-apoltpoprotein peptide, an 
oNgomeiising module, a carbohydrate, a nucleic acid sequence, a non- 
apolipoprotein protein, and an apolipoprotein selected from the group consisting 

15 of apolipoprotein Al, apolipoprotein All, apolipoprotein AIV, apolipoprotein E, an 

analogue or a variant thereof, 

- with the proviso that when the construct consists of exactly two Identical, native 
apolipoproteins these are linked serially. 



2. The construct of claim 1, further comprising a spacer between the apo 
component and X. 

3. The construct of claim 2, wherein the spacer comprises a spacer peptide. 



4. The construct of claim 3, wherein the spacer peptide comprises at least two 
amino acids, such as at least three amino acids, for example at least five amino 
acids, such as at least ten amino acids, for example at least 15 amino acids, 
such as at least 20 amino adds, for example at least 30 amino acids, such as at 

30 least 40 amino acids, for example at least 50 amino acids, such as at least 60 

amino acids, for example at least 70 amino acids, such as at least 80 amino 
acids, such as at least 90 amino acids such as approximately 100 amino adds. 

5. The construct according to claim 2, wherein the spacer is linked to the apo 
35 component and X through covalent linkages. 
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6. The construct according to claim 2, wherein the spacer Is essentially non- 
Imrnunogenlc. 

5 7. The construct according to claim 2. wherein the three-dimensional structure of 
the spacer is linear or substantially linear. 

8. The construct of claim 1, wherein the component X is linked by a covalent link to 
the N-terminal or the C-terminal amino acid of apo. 

10 

9. The construct of claim 1, wherein the apo component and X are linked by two 
covalent links. 

10. The construct of claim 1, wherein the apo component and X are linked through a 
1 5 S-S bridge, preferably a cystin bridge. 

11. The construct of claim 1, wherein the protefn comprises a non-lmmunogenlc 
inert protein. 

20 12, The construct of claim 1 1 . wherein the protein comprises albumin. 

13. The construct of claim 1. wherein the analogue or variant is capable of eliciting 
substantially the same physiological response as the apolipoprotein-A-l, A-ll or 
A-IV. 

25 

14. The construct of claim 1 , wherein the amino acid constituting the component X is 
a cystein residue. 

15. The construct of claim 14, wherein the cystein residue Is linked N-termlnalfy, C- 
30 terminally, or Internally to the apo component. 

16. The construct of claim 1 P wherein the peptide constituting the component X 
comprises more than 1 amino acids such as more than 2 amino adds, for 
example more than 5 amino acids, such as more than 10 amino adds, for 

35 example more than 15 amino acids, such as more than 20 amino acids, such as 
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more than 30 amino acids, for example more than 40 amino acids, such as more 
than 50 amino acids, for example more than 75 amino acids, such as more than 
100 amino adds, for example more than 200 amino acids, such as more than 
300 amino adds, for example more than 400 amino adds, such as more than 
5 500 amino adds, for example more than 600 amino adds, such as more than 

700 amino adds, for example more than 800 amino adds, such as more than 
900 amino adds, for example more than 1000, 1250, 1500, 2000, or 2500 amino 
acids.. 



10 17, The construct of dalm 1, wherein the protein comprised in the component X 
comprises two proteins selected from the group consisting of apolipoproteln A-i, 
apollpoprotein A-11, or apollpoprotein A-IV, an analogue or variant thereof. 

18. The oonstruct of dalm 1, wherein the protein comprised In the component X 
15 comprises at least one apollpoprotein E. 

19. The construct of dalm 1, wherein the oligomerising module is a dimerislng 
module. 



20 20. The construct of dalm 1, wherein the oligomerising module is a trimerlsing 
module. 



25 



21. The construct of daim 1, wherein the oligomerising module Is a tetramerlsing 
modul. 

22. The construct of daim 1, wherein the oligomerising module is a muitimerlslng 
module. 



23. The construd of claim 1, wherein the oligomerising module Is of non-peptide 
30 nature. 

24. The construd of claim 20, wherein the trimertsing module comprises an amino 
add sequence, capable of mediating interchain recognition, trtmerlsation and 
alignment of three polypeptide chains. 

35 
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25. The construct of claim 20 r wherein the trimerislng module is from tetranectin. 

26. The construct of claim 20 T wherein the trimerislng module comprises the 
tetranectin trimerislng module from tetranectin. 

5 

27. The construct of claim 26, wherein the tetranectin trimertsing module is capable 
of forming a stable complex with other tetranectin trimertsing modules. 

28. The construct of the claims 27, wherein the stable complex Includes a coiled 
10 coil structure. 

29. The construct of claim 28, wherein the coiled coil structure is a triple alpha 
helical coiled coil. 

15 30. The construct of the claims 24 to 29, wherein the trimerislng module comprising 
two tetranectin trimertsing modules linked by a spacer moiety, which allows both 
of the two tetranectin trimerislng modules to take part In a complex formation 
with a third tetranectin trimerislng module not being part of the apollpoproteln 
construct 

20 

31. The construct of the claims 24 to 30. wherein at least one tetranectin trimerislng 
module is selected from the group consisting of human tetranectin, murine 
tetranectin or C-type lectin of human, bovine or shark cartilage. 

25 32. The construct of the claims 24 to 31. wherein the tetranectin trimerislng module 
comprises a sequence having at least 68 % identity with the consensus 
sequence of Fig. 4. 

33. The construct of claim 32, wherein the sequence identity with the consensus 
30 sequence Is at least 75 %, such as at least 81 %, for example at least 87 %, 

such as at least 92 %. 

34. The construct of claim 32, wherein the cystein residue no. 50 is substituted by a 
serine residue, a threonine residue, or a methionine residue. 

35 
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35. Th construct of claim 32, wherein the cysteln residue no. 50 is substituted by 
any other amino add residue. 

36. The construct of claim 20. comprising the trimerlsation module from the collecrin 
5 neck region. 

37. The construct of claim 1, wherein the oUgomertelng module is present after 
purification of the apolipoprotein construct 

10 38. The construct of daim 1 . further comprising at least one carbohydrate moiety. 

39. The construct of claim 1 , further comprising an affinity tag. 

40. The construct of claim 39, comprising a polyHis affinity tag. 

41. The construct of claim 39. comprising an affinity tag selected from the group 
consisting of an antigenic tag, a GST tag. 

42. The construct of claim 1 , having a half-life of at least the half-life of native Apo A- 
I. A-ll or A-IV. preferably at least 2 times higher, more preferably at least 3 times 
higher such as 4 times, more preferably at least 5 times higher, such as 6 times, 
more preferably at least 8 times higher such as at least 10 times. 

43. The construct of dalm 1. having a higher binding affinity to cholesterol compared 
25 to native Apo A-l. A-ll or A-IV. 

44. The construct of claim 1 . capable of binding to cubilin. 

45. The construct of claim 1 . capable of binding to the scavenger receptor type B1. 

46. The construct of dalm 1, causing substantially no immunoresponse In humans. 

47. The construct of claim 1, wherein the nudefc add sequence comprises a DNA. a 
RNA, a PNA. or a LIMA sequence. 
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48. Nucleic acid comprising a sequence of nucleotides encoding an apolipoprotein 
construct as defined in claim 1 to 47. 

5 49. The nucleic acid of claim 48, wherein the encoding sequence Is operably linked 
to a regulatory sequence for expression of the protein construct. 

50. A vector comprising the nucleic add of the claims 48 or 49. 

10 51. A transformed host cell, comprising a nucleic acid sequence as defined in the 
claims 48 or 49. 

52. A method for the production of an apolipoprotein construct as defined In the 
claims 1-47, comprising the steps of: 

15 

- culturtng a transformed host cell under conditions promoting the expression of a 
protein construct according to claims 1 to 47, 

- obtaining and recovering said protein construct, 

20 

- optionally, further processing said protein construct 

53. A method for the production of an apolipoprotein construct as defined in the 
claims 1-47, comprising the steps of: 

25 

- chemically synthesizing at least one oligomerising module, and subsequently 

- linking said module to at least one apolipoprotein, an apolipoprotein analogue or 
an apolipoprotein variant, 

30 

~ obtaining an apolipoprotein construct, 

- isolating the resulting apolipoprotein construct, 
35 - optionally, further processing said construct. 
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54. A method for the production of an apolipoprotefn construct as defined in the 
claims 1-47, comprising the steps of: 

5 - culturing a transformed host cell under conditions promoting the expression of 
an apollpoprotein or an apollpoprotein analogue or an apolipoproteln variant 
encoded by a nucleic acid fragment, and subsequently 

- covalently linking sard apolipoproteln or apolipoprotein analogue or 
1 0 apolipoproteln variant to a heterologous moiety, 

• obtaining an apolipoproteln construct, 

- isolating the resulting apollpoprotein construct, 

15 

- optionally, further processing said construct. 

55. A method for the production of an apollpoprotein construct as defined In the 
claims 1-47, comprising the steps of: 

20 

- culturing a transformed host cell under conditions promoting the expression of a 
oligomertslng module encoded by a nucleic acid fragment, and subsequently 

- oovalent linking said module to at least one apollpoprotein. an apollpoprotein 
25 analogue or an apolipoproteln variant, 

- obtaining an apolipoproteln construct, 

- isolating the resulting apollpoprotein construct, 

30 

- optionally, further processing said construct. 

56. A pharmaceutical composition, comprising the apollpoprotein construct as 
defined in the claims 1-47. 

35 
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57. THe pharmaceutical composition of daim 56 adapted to be Injected. 

58. Use of an apolipoproteln construct as defined In the claims 1-47. 

5 59. Use of an apolipoproteln construct as defined in the claims 1 to 47 for the 
preparation of a pharmaceutical composition. 

60. The use of claim 59, wherein the pharmaceutical composition further comprises 
pharmaceutical acceptable excfplents, adjuvants, additives, such as 

10 phospholipids, cholesterol, or triglycerides. 

61. The use of claim 59. wherein the pharmaceutical composition ts administered 
intravenously. Intraarterial^, intramusculary, transdermally, pulmonary, 
subcutaneously, intradermal^, intratechally, through the buccal-, anal-, vaginal-, 

15 conjunctival-, or intranasal tissue, or by inoculation into tissue, such as tumour 

tissue, or by an implant, or orally. 

62. The use of claim 59, comprising administering to an Individual a composition 
comprising at least 50 mg apolipoprotein construct per week. 

20 

63. The use of claim 59, comprising administering to an individual a composition 
comprising at least at least 100 mg/week, for example at least 250 mg/week, 
such as at least 500 mg/week, for example at least 750 mg/week such as at 
least 1000 mg/week, for example at least 1250 mg/week, such as at least 1500 

25 mg/week, for example at least 2000 mg/week, such as at least 2500 mg/week, 

for example at least 5000 mg/week. 

64. The use of claim 59, comprising administering a dose of a pharmaceutical 
composition once a week. 

30 

65. The use of claim 59, comprising administering a dose of a pharmaceutical 
composition once every second week, or once every third week, or once every 
fourth week. 

35 66. The use of claim 59, for the treatment and/or prevention of aterosclerotic 
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67. The use of claim 59, in the treatment of neutralising endotoxins. 

68. The use of claim 59. in the treatment of angina pectoris. 

5 

69. The use of claim 59, In the treatment of claudication 

70. Use of the nucleic acid sequence as defined in the claims 48 to 49 for gene 
therapy, wherein the DNA sequence encoding said apoiipoprotein construct is 

10 used for transfection or infection of at least one cell population. 

71. The use of claim 70, wherein the at least one cell population comprises 
macrophages. 

15 72. The use of claim 70, wherein the at least one cell population comprises liver 
cells. 
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HPXKAWLTVALVAITGTOJIJOTSDgfVANVMWD 60 

LPQDKLOEVNT YAGT>liQKKLVP FATELHERIAKD S EKLKEE 1 OKE LEB*LHARIiL PHANEV 120 
LFQDKLGEVNTYAGDIiQKiajVPPATEl^BlUiAKDSEKLKEEIRi^^ 120 
IJtQTasaU&^TmD&nsm 12 0 

IiFO&KLGEV^nTAQDljQlCIQ.iVPFATSlS 104 
LFQDKLO&VNTYTEDLQKKZjVF FATEIjHKI^TKDSEKLKEfi IRRELEEIJtARljliPKAT2V 120 
I«F^DXI/3>TItnTADDI^NKLiVPFAVQL5 CTLTKETKHVREB I QKKLEDLRANMMPHANXV 120 

SQKIQDIJIiREt^RIJSPYADOIiRTQVNTOAEOLRRQLTP 1B0 
SQXI GENVR&IiQ£RLEP¥TDQXJVrQVHTffrc^ 160 
TOTFGEKTMQKLQEHLKPYAVDljQC^ INTQTOSMKX^l-TPy I QRMQTTI ISNVlitiLHTSMM 180 
S0KlGENVRELO^l^EPynX>LRTQVirrQTSQIJlROI>TP 164 
S QXI GDNVRBLQORX G P FTGGLRTQVNTQVQQ LQRQLKP YAERKESVLRQN I RULEASVA 180 
S QK7C2DNVQ KLQSHI*RPYATDIiQAQ INAOTQDKKRQL.TP YT QRMQTT I QDNVENLQS SMV 160 

t* <*i*::t**ft« *;: *; *«*;*. till •**, .(;=* .*.t+l 

' PHADBLKAKXDQKVEELKGPJjTPYADEFKVKIDQTVSEIjRP^IA^ 240 
PBAlXiLXAiaDQHVEELKERLTPYAEBFTCV^^ 240 
PLA7NL3CDKFNRMMBfiLRGHLTPRANSLKATT DQNLEDLP^3tJ\PIJlVGVQBBXNH0MEG 240 
PHADQLIO^KIDONVE ELKGRLTP YADEFKVKlDQTVEE LRRS IAP YAQDAQEKLiNHQLEG 224 
PYADBFTOKIlX2WVKELKGgLT?YAHBLKAKII>ON^ 240 
PFAHELKEKFNQNMEGUCQQLTP RANfE LKATT DQNLEDLPS RI*APliAEGVQEKLNHQM3 G 240 

* 4 - ; * * t 11*1* ** **• *»*:*..***,;*:** »** * _.#♦»+*•*,*+ 

XTP<>MKKKAHBLKAiaSASAEHlJtQRl^ 300 

IAFQMK10lAEELXARXSAflABELRQRIAFI*OT^ 300 

LAFQMKKNABEL^KVSAKIDQI^KNIiAP^ 300 

LAFQMKKNA^IiKAP^SASAEELRQRliAPtA 284 

LAP^MKKOAEELKAKISAWADBIiftQKiVPVABl^ 300 

IiAFQMXKNAEELQTKVSTTJIlXil^KNI^ 300 
+;+****,«***,,,.+., •:*u,* 1 *:.*ii|,i;:**»**tt##* .* : t,,,t 

KEFPJ^VXP YiJHOTWKALVOO^Q^^KLGPKAGDVE GULSPLEKDLRDKVMS FFSTFKE 360 
EEFRLUVEPYaHNFNl^VOX2KEQI^KIX3PHAanVEGHLSF^ FF3TFKB 360 

EEFRRTVEPMGQ4FTnCALVQQLEQFRQQLOPN SGEVE SHLS FLEXSLrBKVN'S FM5TLEK 360 
BBFRIAVSPY(7SKFNKAIjVQQMEQX<RQKXjGPKA^ FFSTFKE 344 

EETRWCVEPYGBttFlJKAIiVOQVEDLR^ 360 
EVFlllUVVSPI^KFKMAIiVCffiMBKF^ 360 

KESQDKTLSt^PEL SOQQSQQQ -bQ 383 

KKSQCOTLSLPBP B0OREQQQEQQQ2QEQBQQQQ0SQQQ0QEQQRE0OQOEQQQEQ 416 

KGSPDQPCALPUPEQAQEQAQEQAQ3QVQ 389 

KESQDNTLSLPBP EOQQEQOOEQEQ OQBQQEEQQOOEQO QEOEQ 3 8B 

EASQOQSQALPAO BKAQ- - 377 

KGSPDQPLALPI*P BQVQEQVQ3QVQ 385 

I * - z . *s : 

OQBOVQMLAPLES 396 
OOEOVQMLAPLES 429 

PXPUSS 395 

QQEQVQMLAPtiES 401 

APLEQ 382 

PXPLBS 391 
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FIGURE 5 



T7 promoter. U6, Ufclguicin and Apo ai: 
paiaaa- (Pvuiu -aATCTa(Mcc<raaaA ATr]^^ 

T7 promoter 

NaaKKlIMKRCSOI 7VKTLTCKT1TT. 
AAGAAGqAiSRTJiT^CATATQQQ^TOQCATC? .CCTVV CaC C^TCAOGCJiTC: AC X^TCTTTCTI^ AAC^CCCl'CACTC<jCAi\AACCATCRC CCTTG 
Nde I 

BVffyapTIBtrVKAICTQDKVOIPPOQQRbirA 
AGCTCGWX:C(^^^CACC>TTt3AGAA^ 

CXQbftDGJITlSDyHIQfCESTLHLVZiIlLRaGff 
GC ^ AACAGCTCKiAAO TX^tWCGT ACTTTCTCTGACIACAAT ATT CAAAAOGACTCTA CTCTT Cfl TCTTGIXSTT^GACIT CG'iXXn^GGATCCfl 



Bam HI 

PC'TA&'if' , ivtG'70C3XXUiga tgaacccccccag*zcccctg$g*t:cgagtg&ngg*cct.ggccetQtgtgt*cgzgg* tgtgctca&Agacag-cggvAgagm c 
TZGROGDBPPQSPWDltVKDLATVYVDVLXDSGXD 
ta tgcyccccag-tt tjra«gffctcC5CCccggg»a«Ae# jccaaace taa A^ctcc t tgadA4CCg??aca9C?cgacc?ccaeoe cca?cu?c 

YVSQFEGSALGKQLItLKLLDVWDSVTBTFSKX. 
cgcg**c*gc tcggccc t jt^a cccaggagt bctggg* z*acctggaAAaggagacagagggcctg&ggc&ggaga tgsgcaagg* tc tggaggag 

RSQLGPVTQSFWDHLBKXTEQLRQEM5KDLBE 
gtgaaggtCAMggt:gcmgcccG&ccrgg*c&&ctccc*ga*ga&gtggcaggagg*g&cggaffctctaccgcca9*ag^ 

VKAKVQPYLDDrQKKnQEBtl8LY*QKVBPL3lA 
g*gctcca&gzgggx&cg<:gcc*g*M.getga*cg*g£zgcB*g&$A&g<ngagvccact^ 

BLQ*GA*QKLH*Z,QBXZ.8PLOBJetiRDJlARAHV 
g*cgcgcvgcgc*c^catctggccccctmc&gcgacgM9ctgc^e*gT?gcEzggccgcgcgcctz9*ggc^ 

DALHTHLAPYSDELRQRLAAXLZALXSltGGAJl 
e tggccgagt*ccm<?gcc&mggccMccg*geA tczgagc*cgctc&gcgag*a.ggcc&&gcc*:gcgctcgaggacc tccgcc**g?cctgc tgccc 

LAXYHAXATEXLSTLStKAKPALEOLJlQOLLP 
Stgc-cgg&gagct c caayj teagc t tcccgagcgcx c tcgnggzgx* cactaa?a a crctcaacnogcaqTA AGCkTCCJUgK^TT^^TCty caA'TCC 

VLSSFRVSPiSAtSSyrjCJCt-WTG STOP SpJl I Kind XXX SCO HI 

CCACC^CIGTQG<^CCrCTAAACQC(7rCTTa\GQGU IVi'l V* AAAqCAGC AACTATATOCqAT - (EooRV) -pSR32fi . 
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FIGURE 6 

pT7 HtUbi-rx Cya-Apo XI 

T7 promoter, W6, Ubiquitin and Apo All 

pBR3 2 8 - ( PvuII) - C^TCTC^TeCCGCGAAATTAATaCSATE 

T7 promoter 

MOSFKHMFnCfiOI rVKTLTGXTITt. 
ftft£SAAO»GATAi aCaT%YGQ Q^TCG<^TriUXA're^ 

FTVLPSWTiBFVKATCIQDKBQI PPDQQRLIFA 
*c,«TC^GCCCAGTO*OKCCAl-rGAC^^ 

r, KQl,Bl>QRTt.SI>Y>TXQKBSTLPLVLFIiRQGS 
Bam HI 

r'JGACOCT fcCtftJOTOGATCTg atgaaccoceccagageccc t ggg&TcgagcgaaggACCtggBCACtgxg^acgtggacgrgetcaaagacagcggcagagac 
1 BCPGCCDKPPQtPWDRVKDLATVYVDVLKDS CRD 
catgtg tc ecagr tegaaggc t ccgect t gggaaaacagct aaae c t aaagct cot t g«,caactgggaeagcgt gncct c c ac ct t cageaagctg 

YVSQPEGSA1.0K0LNLKLX.DNWD3VTSTP5KL 
cgcg&a cage coggece t g* gac ceaggag t c ct gggat a&ectggaaaaggKg&cagagggec t gaggcaggagatgagcaaggat ctgg aggag 

REQIiGTVTQBrFDVI.SXETEGI.llQBMSKPl.SE 
gcgaaggccaaggt;$c»gccctacctgg9cgac^tcc^gAAgaagcggcag9iggagatggagctccaccgccaaaaggtggagcc^cracgcgca 

VKAKVQPYLDDFQKXVQSBNELYAQICVSPLRA 
gagccccaagagggcgcgcgccagaagccgcacgmgctgcaagagaagctgagcccaccgggcgagcagatgcgcgaccgcgcgcgcgcccatgtg 

BLafiCAROKLHELQHKLSPLOSBMRORARAHV 
gacgcgi^gcgc«car.Atctggcccect^c»gcg»e^Agetacgcc^ 

DALRTHI*APY9nCX.RQRLAARX.GAl»ICK!«OGAR 
ccggccgagtaccacgccaaggccaeegagcatctgageacgctcagcgaga&g^ecaagceegcgctcgagg&occccgccaaggcccgccgcoc 

ZiAXyKAKATBHLSTLSBKAXPALBDLRQGLLP 
QRoerQQioigetteaMarcancttcefcaMcyctrteaft^&rtaeafAaaoftaoctcaapACCCatfrAA ^ 

VLS9FJCVSFLSALBEYTKKLNTQ CXOT Spb I Hind III Eco Rt 

GflCroCTAACW^AGCeCGAAAGCy^CK^ 

CCACCCKTrQTGqGgCCTCTAAACOOqTCrT^^ (BCOftV) -pBR329 . 
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FIGURE 9 

pT7 HGDbiFx Cys-Apo Al 

T7 promoter, H6, Ubiquitin and Apo Alt 

FSR326- (PVUII) - GAT CTC^TC CgCCGAAATTAATACt^TAC^gTAT^ ITT QT1TAAL 1 IT 

T7 proaotc? 

WaSHHUHNHGSQIfVKTI/TOKTl'fti 
Nde z 

BKVKAKIODITBOZPfrDQQFl-XFft 
*V^TCCACCCCJ\arGACACCaTTGAaA^ 

OKQLEOGP. XLSOYNIQKffSTbnLVLAliB.OOa 
tiCAAACAfiCTGGAACA^GACCTACaTTGTCT^ 

Bam m 

?CGAHC,Tr;^30<7rGGATGTgatgaaccc^ 

AP.nHaGCOEFPQ6»WDRVXD^ATV¥V9VLX0S0HO 
r,atfftgtcccasr^tcg*aBgctccgcci:t3ggaaaacagczaaaCCta»»gcrcctt9*ca«ctsggdcagcgtgacctccaccttcagcaagctg 

YVSQ7saeAt,GKQLNI.JCLLD»WD3VT£TF5Kli 
cgcgft ac^gcr cggccc tg. tgacc c aggas 1 1 ct ggga.t aaccrggaaaaggag ac»g*5ggcctgaggcaggagatgascaaggatctggagg*g 

REQLCPVTQEPWDNL«KETB0LHQKM3KDLBB 

gtgaaggccBAg^gcagcceeacctgBae9acttccag«as , a*9*g^ 

VKXKVQPYLDDrQKCHQBFMBLYRQKVBPLRA 
S&gctccaagag^gcgcgeaccagansctgcacgaactgea&aagaag^ 

SLQBCAaQK^HBLQSKLSPLOXEMRDRAPXEV 
gacgcgctgcgcaCgeaCctggccccetacagcgacgagctgcgccagc^csttg^ccgc^cgccttgagsctc^cMggagaftcggCflgcgccasA 

DAI^ftTHLAPySDELRQBLAARLHALKBHOOAR 
ctg^ccg^g^acc&cs^aag&ccaccgAgc&tccgagce^ 

LASYHAKATBHLSTIiSBKArPALSDLRQQLJLP 
<aegccqqaqagctfccaaaqtcajyctfcootgaqcqctctcqacKm^ 

VLESFXV8 FLSALEBYTKXLNTQ STOP Sph X Hind XXX Boo RI 

OTTOCTAACJUUVaCCCCXRAAGGAAfi^ 

CX»<^[7IOT(^aaCCTCTAAACOQOTCTTGA (EcoRV) -p»JL!38 . 
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SEQUENCE LISTING 

<110> ProteoPhstxroa ApS 

<120> Apolipoprotein 

<130> Apolipoprotein 

<140> 
<141> 

<ieo> 4 

<170> Patentln Ver. 2.1 

<210> 1 

<211> 243 

<212> PRT 

<213> Homo sapiens 

<400> 1 

Asp Glu Pro Pro Gin Ser Pro Trp Asp Arg Val Lys Asp Leu Ala Thr 
15 10 15 

val Tyr Val Asp Val Leu Lys Asp Ser Gly Arg Asp Tyr Val Ser Gin 
20 25 30 

Phe Glu Gly Ser Ala Leu Gly Lys Gin Leu Asn Leu Lys Leu Leu Asp 
35 40 45 

Asn Trp Asp Ser Val Thr Ser Thr Phe Ser Lya Leu Arg Glu Gin Leu 
50 55 60 

Gly Pro Val Thr Gin Glu Phe Trp Asp Asn Leu Glu Lys Glu Thr Glu 
65 70 75 80 

Gly Leu Arg Gin Glu Met Ser Lys Asp Leu Glu Glu Val Lys Ala Lys 
05 90 95 

Val Gin Pro Tyr Leu Asp Asp Phe Gin Lys Lys Trp Gin Glu Glu Met 
100 105 no 

Glu Leu Tyr Arg Gin Lys Val Glu Pro Leu Arg Ala Glu Leu Gin Glu 
I 15 120 12S 

Gly Ala Arg Gin Lys Leu His Glu Leu Gin Glu Lys Leu Ser Pro Leu 
130 135 140 
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Gly Glu Glu Met Arg Asp Arg Ala 
145 150 

Thr His Leu Ala Pro Tyr Ser Asp 
165 

Arg Leu Glu Ala Leu Lys Glu Asn 
180 

His Ala Lys Ala Thx Glu His Leu 
195 200 

Pro Ala Leu Glu Asp Leu Axg Gin 
210 2i5 

Phe Lys Val Ser Phe Leu Ser Ala 
225 230 

Asn Thr Gin 



Arg Ala His Val Asp Ala Leu Arg 
155 1TO 

Glu Leu Arg Gin Arg Leu Ala Ala 
170 175 

Gly Gly Ala Arg Leu Ala Glu Tyr 
185 190 

Ser Thr Leu Ser Glu Lys Ala Lys 
205 

Gly Leu Leu Pro Val Leu Glu Ser 
220 

Leu Glu Glu Tyr Thr Lys Lys Leu 
235 240 



<210> 2 

<211> 244 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Cys Asp Glu Pro Pro Gin Ser Pro Trp Asp Arg Val Lys Asp Leu Ala 
1 5 10 is 

Thr Val Tyr Val Asp Val Leu Lys Asp Ser Gly Arg Asp Tyr Val Ser 
20 25 30 

Gin Phe Glu Gly Ser Ala Leu Gly Lys Gin Leu Asn Leu Lya Leu Leu 
35 40 45 

Asp Asn Trp Asp Ser Val Thr Ser Thr Phe Ser Lys Leu Arg Glu Gin 
50 55 €0 

Leu Gly Pro Val Thr Gin Glu Phe Trp Asp Asn Leu Glu Lys Glu Thr 
65 ™ 75 80 

Glu Gly Leu Arg Gin Glu Met Ser Lys Asp Leu Glu Glu Val Lys Ala 
85 90 95 

Lys Val Gin Pro Tyr Leu Asp Asp Phe Gin Lys Lys Trp Gin Glu Glu 
100 105 U0 
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Met Glu Leu Tyr Arg Gin Lys V*l Glu Pro Leu Arg Ala Glu Leu Gin 
115 120 125 

Glu Gly Ala Arg Gin Lys Leu His Glu Leu Gin Glu Lys Leu Ser Pro 
130 135 140 

Leu Gly Glu Glu Met Arg Asp Arg Ala Arg Ala His Val Asp Ala Leu 
145 150 155 160 

Arg Thr H.is Leu Ala Pro Tyr Ser Asp Glu Leu Arg Gin Arg Leu Ala 
165 170 175 

Ala Arg Leu Glu Ala Leu Lys Glu Asn Gly Gly Ala Arg Leu Ala Glu 
1B0 185 190 

Tyr His Ala Lys Ala Thr Glu His Leu Ser Thr Leu Ser Glu Lys Ala 
195 200 205 

Lys Pro Ala Leu Glu Asp Leu Arg Gin Gly Leu Leu Pro Val Leu Glu 
210 215 220 

Ser Phe Lys Val Ser Phe Leu Ser Ala Leu Glu Glu Tyr Thr Lys Lys 
225 230 235 240 



Leu Asn Thr Gin 



<210> 3 
<211> 301 
<212> PRT 

<213> Homo sapiens 
<400> 3 

Ser Pro Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys lie Val Asn 
1 5 10 15 

Ala Lys Lys Asp Val Val Asn Thr Lys Met Phe Glu Glu Leu Lys Ser 
20 25 30 

Arg Leu Asp Thr Leu Ala Gin Glu Val Ala Leu Leu Lys Glu Gin Gin 
35 40 45 

Ala Leu Gin Thr Val Ser Leu Lys Gly Ser Asp Glu Pro Pro Gin Ser 
50 55 60 

Pro Trp A*p Arg Val Lys Asp Leu Ala Thr Val Tyr Val Asp Val Leu 

3 
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<213> Homo sapiens 
<400> 4 

Ser Pro Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys lie Val Asn 
15 10 15 

Ala Lys Lys Asp Val Val Asn Thr Lys Met Phe Glu Glu Leu Lys Ser 
20 25 30 

Arg Leu Asp Thr Leu Ala Gin Glu Val Ala Leu Leu Lys Glu Gin Gin 
35 40 45 

Ala Leu Gin Thr Val Ser Leu Lys Gly Ser Leu Lys Leu Leu Asp Asn 
50 55 60 

Trp Asp Ser Val Thr Ser Thr Phe Ser Lys Leu Arg Glu Gin Leu Gly 
65 70 75 80 

Pro Val Thr Gin Glu Phe Trp Asp Aan Leu Glu Lys Glu Thr Glu Gly 
85 90 95 

Leu Arg Gin Glu Met Ser Lys Asp Leu Glu Glu Val Lys Ala Lys Val 
100 105 110 

Gin Pro Tyr Leu Asp Asp Phe Gin Lys Lys Trp Gin Glu Glu Met Glu 
115 120 12S 

Leu Tyr Arc; Gin Lys Val Glu Pro Leu Arg Ala Glu Leu Gin Glu Gly 
130 135 140 

Ala Arg Gin Lys Leu Kis Glu Leu Gin Glu Lys Leu Ser Pro Leu Gly 
145 150 155 160 

Glu Glu Met Arg Asp Arg Ala Arg Ala His Val Asp Ala Leu Arg Thr 
165 170 175 

His Leu Ala Pro Tyr Ser Asp Glu Leu Arg Gin Arg Leu Ala Ala Arg 
160 185 190 

Leu Glu Ala Leu Lys Glu Asn Gly Gly Ala Arg Leu Ala Glu Tyr His 
195 200 205 

Ala Lys Ala Thr Glu His Leu Ser Thr Leu Ser Glu Lys Ala Lys Pro 
210 215 220 

Ala Leu Glu Asp Leu Arg Gin Gly Leu Leu Pro Val Leu Glu Ser Phe 
225 230 235 240 
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Lys Val S x Phe Leu Ser AJL Leu Glu Glu Tyr Thr LyS Lys Leu Asn 
245 250 255 

Thr Gin 
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